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The HUDSON organization, qualified by years of experience in the successful design, 


construction and operation of major hydrocarbon processing plants, offers its special- 
ized services for projects in any part of the world. 
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FORMERLY MONTHLY TECHN 
COMING MEETINGS 


December 

2-6, American Society of Mechanical Engineers, Annual 
meeting, Hotel Pennsylvania, New York City. 

2-7, 17th National Exposition of Power and Mechanical 
Engineering, Grand Central Palace, New York City. 

12th, Chemical Market Research Association and Technical 
Service Association, First open meeting, Hotel Roosevelt, 
New York City. 

30-31, Division of Industrial anc Engineering Chemistry, 


13th Chemical Engineering Symposium on Distillation, 
Mellon Institute, Pittsburgh. 


1947 
January 
6-10, Society of Automotive Engineers, Annual meeting 
and Engineering display, Book Cadillac Hotel, Detroit. 
February 
24-28, American Society for Testing Materials, Spring meet- 


ing and Committee week, Benjamin Franklin Hotel, 
Philadelphia. 


March 
3-8, South American Petroleum Congress. Lima, Peru. 
17-23, American Institute of Mining and Metallurgical En- 
gineers, Annual meeting, New York City. Technical 
Meetings March 20-22. 
22-28, American Society for Metals, Western Metals Con- 
gress and Exposition, Civic Auditorium, San Francisco. 


THIS MONTH’S COVER... 


Photo courtesy Lummus Co. 


Naphtha Polyform unit, with a total circulation 
of 18,000 b/d. This process not only upgrades 
naphihas and low-octane gasolines by thermal 
cracking, but at the same time converts excess 
refinery gases to liquid hydrocarbons in the 
gasoline range through thermal alkylation and 
polymerization. Recent development work on 
the process was described in three papers at 
the API meeting, two of which appear in this 
issue (pp. 267, 278). To securé additional de- 
tails on cost and commercial application of 
naphtha polyforming, PETROLEUM PROCESS- 
ING talked with engineers who have worked 
on the process, and reports their ideas on pg. 243. 
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Plant Operation 


Improper Control of Storm Run-Off Water May Nullify all 
Waste Treatment Efforts (Article 12), by W. B. Hart 


$14,000 Converted Idle Isomerization Unit to one 
Polymerization, by W. R. Newman 


Miscellaneous Fractionating Techniques, an API paper, he 


J. J. Cicalese, J. A. Davies, P. J. Harrington, G. S. —— 
A. J. L. Hutchinson and T. J. Walsh 


Refinery Equipment 
Plant Practices for Refinery Superintendents and Foremen 


Hot Secondary Air Supply Saves Fuel and Improves Combustion, 
Also New Patents on Equipment 


New Metallizing Technique “‘Homogenizes” Alloy Coating to 
Eliminate Porosity, by J. A. Looney 


Plant Design 


Analytical Methods for Binary Distillation (Article 3), 
by M. M. White and W. T. Boyd . 


Refining Processes 


Polyform Process Utilizes Excess Gases in Ungrading aes 
and Gasolines, by William F. Bland 


Naphtha Polyforming, an API paper, by W. C. Offutt, P. One 
gaard, M. C. Fogle and H. B. Beuther 


Polyforming with Outside Gas, an API paper, by w. c. Offutt, 
P. Ostergaard, M. C. Fogle and H. B. Beuther 


Departments 
Tomorrow in Petroleum Technology 


Patent Trends in Petroleum Refining, by Peter J. Gaylor 
New Books for the Oil Man 


Petroleum Technologists in the Headlines 
Widening Horizons 


*Exclusive in PETROLEUM PROCESSING 





Published monthly by The National Petroleum Publishing Co., 1213 West 3rd St., Cleveland 13, 

Ohio. Publication date—first Tuesday of each month. Subscription rate, $3.00 a year in 
United States and its possessions, $3.59 a year elsewhere. Single issues, 35 cents per copy; 
back copies more than three months old, 50 cents per copy. Formerly published (prior to 
September, 1946) as the Technical Section of National Petroleum News, devoted to REFINERY 
MANAGEMENT and PETROLEUM CHEMICAL eer and including International 


Petroleum Technology. Trade mark registered U. S. Patent Office. Copyright 1946 by 
The National Petroleum Publishing Co. 
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Contracts, orders, inquiries, 
checks—a torrent of mail pours over the 
desk of the typical executive. Whether the 
mail is brought by plane, automobile or 
truck, gasoline power has played a part in 
giving you swift, reliable mail service. 





The mails go through on gasoline 


RUCKS, automobiles, planes supply swift mail service 
5 ne only to city homes and offices but to lonely farms 
and 54,000 rail-less communities as well. Since this sys- 
tem leans so heavily on gasoline transportation, it fol- 
lows that any improvement in fuels or engines benefits 
everyone who uses the mails—which means just about 
everyone. 


During the past twenty years refiners have been util- 
izing Ethyl brand of antiknock compound to help develop 
higher octane fuels that would give more power yet cost 
no more. The automobile industry, in turn, has con- 
structed superior engines capable of making the most of 
improved gasoline. 


In the past two decades, engine power has more than 
doubled—while mileage per gallon is about one-fourth 
more for similar sized automobiles. 


The Ethyl Corporation, although today experiencing 
a shortage of the basic material used in antiknock fluid, 
looks ahead to even better gasoline in the future which 
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will allow still greater gains in engine performance. To 
this end it continues its cooperative research efforts with 
both the oil and automotive industries—helping to pro- 
vide better motor transportation at lower cost for every- 
body. The Ethyl Corporation, Chrysler Building, New 
York 17, N. Y. 


eeeeeeeeeeeeeeeeeeeeeesreeeeeeeeeeeeeeeeeeeee 


More power from every gallon 





Research - Service - Products 


e®eeeeeeeeeveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 
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This 10,000 b/d naphtha Polyform unit 
utilizes excess refinery propane and bu- 
tane and has a total circulation of ap- 
proximately 38,000 b/d. By means of naph- 
tha polyforming, low-grade gasoline can 
be improved to 75-80 octane rating, ASTM 
















Polyform Process Utilizes Excess Gases 


In Upgrading Naphthas and Gasolines 


HE first detailed description of war- 

time improvements in Gulf Oil Corp.’s 
Naphtha Polyform Process, a_ thermal 
methcd for upgrading naphthas and low- 
grade gasclines, highlighted the meetings 
of the API Refining Division in Chicago, 
Nov. 11 and 12. 

Two of three papers presented on poly- 
forming appear in this issue—pp. 267 
and 278. 

Further information on commercial as- 
pects of the process and how it fits into 
refining operations today has been secured 
by PerroLteum Processinc through in- 
terviews with Gulf engineers and is pre- 
sented here. 

The naphtha Polyform Process differs 
from normal thermal reforming in that 
the oil to be cracked is diluted with a gas 
fraction, which is said to permit more 


By WILLIAM F. BLAND 
Engineering Editor 
PETROLEUM PROCESSING 


severe cracking of the naphtha without 
undue coke deposition. In addition, part 
of the gas fraction is cracked, and the 
cracked products of the gas, the cracked 
products of the naphtha and the un- 
cracked gas react with one another 
(through thermal alkylation and _ poly- 
merization) to form high-octane hydro- 
carbons within the gasoline boiling range. 


One new development described pro- 


vides for charging excess refinery gases 
to the unit, as well as recycling uncon- 
verted gases and gases produced in the 





Fogle and H. Beuther. 





Polyform Papers 


Three papers on naphtha polyforming were presented at the API 
Refining Division group session Nov. 12, as follows: 

“Naphtha Polyforming”, by W. C. Offutt, P. Ostergaard, M. C. 
See pg. 267. 

“Naphtha Polyforming with Outside Gas”, by W. C. Offutt, P. 
Ostergaard, M. C. Fogle and H. Beuther. 

“Correlation of Operating Variables in the Polyform Process”, by 
Joel H. Hirsch, P. Ostergaard and W. C. Offutt. To be published in 
Petroleum Processing for January, 1947. 


Messrs. Offutt, Fogle, Beuther and Hirsch are with Gulf Research 
and Development Co., and Mr. Ostergaard with Gulf Oil Corp. 


See pg. 278. 
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operation itself. This gives greater flexibil- 
ity in the over-all refining operation, in 
that excess refinery butane-butene may 
be charged to the Polyform unit for maxi- 
mum production of high-quality motor 
fuel, or the polyforming can be done for 
maximum yields of highly unsaturated 
butane-butenes. 


The reactions take place in the Poly- 
form furnace, which normally is operated 
at 1025 to 1125° F. outlet temperatures 
and 1000 to 2000 psi pressures. Gasoline 
yields from the process when operating 
on straight-run low-octane gasolines or 
heavier fractions of straight-run gasolines 
are said to compare in anti-knock value 
with gasclines produced by catalytically 
cracking gas oils. 


Polyform Process Isn’t New 


Gulf’s Polyform Process is not new. It 
was first conceived of by Paul Ostergaard 
of Gulf Oil Corp. in 1935 and had what 
he claims is the “shortest gestation period” 
of any refinery process. In less than seven 
weeks after he had thought of the process, 
a thermal unit at Gulf’s Pittsburgh refinery 
had been revamped and converted to 
pclyforming operations. Since that time, 
11 additional Polyform units have been 
put on stream by Gulf and other cil com- 
panies, with two more now under con- 
struction. Table 1 lists the units and their 
capacities. 

Just exactly where the Polyform Proc- 
ess might fit into any particular refiner’s 
picture is difficult to say—as it generally 
is with any relatively recent process. 


Compared to the cost of installing a 
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This dual-furnace unit at Gulf's Port Arthur plant is a combination crude and 
polyforming unit, charging 25,000 b /d of West Texas crude 


thermal reforming unit, pclyforming is 
estimated to be from 25 to 50% more ex- 
pensive. But polyforming isn’t directly 
comparable to thermal reforming, since 
it not only cracks and reforms the liquid 
charge, but- also converts the gas content 
of the feed to liquids through polymeriza- 
tion and alkylation. 

Polyforming, therefore, is more directly 
comparable to an installation of both ther- 
mal reforming and catalytic polymeriza- 
tion, and on that basis is estimated to cost 
about the same for installation. Operating 
and maintenance costs, however, are said 
to be less, particularly since no catalyst is 
required. 

Existing Units Can Be Converted 

The possibilities of converting existing 
thermal units are said to be determined 
by the fractionating equipment in the 
plant. If the towers can be operated at 
300 to 400 psig pressure, then no com- 
pression and refrigeration equipment is 
required for the absorption of the recycle 
portion of the gas charge into the fresh 
naphtha feed. 

On the other hand, if the towers cant 
be operated at that pressure range, the 
cost of adding compression and refrigera- 





TABLE 1—Naphtha Polyform Units 
Built and Building 


Company and Circulation, 
Location b/d 

Gulf Oil Corp. 

Pittsburgh 5,500 

Toledo - 7 5,500 

Philadelphia® - ‘ ; 6,000 

Philadeiphia af 9,000 

Cincinnati 13,000 

Philadelphia®® 16,000 

Port Arthur® 30,000 

Port Arthur®® 32,000 
Socony-Vacuum Oil Co. 

E. Chicago 9,000 

Trenton, Mich, 13,000 
Magnolia Petroleum Co. 

Beaumont 40,000 
Union Oil Co. of Calif. 

Wilmington® $7,000 


British American Oil Co. 
Toronto, Ontario® ; 8,000 
Clarkson, Ontario® 9,000 
© Combination crude unit and polyforming. 
®° Under construction. 
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tion equipment would about equal the 
cost of new fractionators, 


One exception might be the case of a 
plant in which a B-B stream in liquid form 
was continuously available (perhaps as 
a reflux drawoff from a catalytic cracking 
installation), so that it could be used as 
the gas diluent on a once-through basis. 
This would be particularly true if the B-B 
stream was high in olefin content—about 
60%. In this type of operation the ab- 
sorber would be eliminated and all un- 
converted gas would be run to the gas 
plant instead of any of it being recycled. 


Another factor in the economics of the 
picture, of course, is the availability of 
excess gases. If the refinery has enough 
for beth the polyforming operations and 
fuel requirements, fine. If, on the other 
hand, some additional source of fuel 
would be necessary, then the added value 
of the products produced might not off- 
set the increased fuel costs. 


Looking still deeper into the economics, 
a refiner might have a case in which 
higher-quality products were necessary to 
meet competition, regardless of the in- 
creased value which the gasoline might or 




















Polyform Process 





might not have. In such a case polyform- 
ing might be less expensive to install and 
operate than catalytic cracking, polymeriz- 
ation or other quality-improving processes, 
even if fuel costs were increased and he 
had to go outside for some of the gases. 


Royalty Is $7.50/bbl. Capacity 


Licensing of the Polyform Process is 
being handled through the Lummus Co. 
Although the method of computing 
royalty is now in a state of flux, according 
to Gulf engineers it will be of the order 
of $7.50 per barrel of daily throughput 
capacity. This figure is on a paid-up 
basis, so that the total royalty for a 
1000 b/d unit would amount to $7500. 

In addition to the work which has been 
reported on naphtha polyforming, Gulf 
engineers told PretroLteuM ProcessINc 
they are also conducting studies on gas oil 
polyforming, which are reported to show 
promise of giving the refining industry 
another new tool for increasing yields 
and octane number. By this process, ac- 
cording to the engineers, a light paraffinic 
gas oil (up to 700° E.P.) can be con- 
verted to gasoline with a yield of 60- 
70% and an octane of 73-76, motor meth- 
od, or a light catalytic recycle stock or 
light naphthenic gas cil can be processed 
to 50-60% yields of 76-82 octane, 

These yields with gas oil polyforming 
are all based on once-through operation. 
Refinery or outside gases can be charged 
with these stocks equally as well as with 
naphtha. 





MORE DETAILS 


On the Naphtha Polyform 
Process Will Be Found in 
this Issue of Petroleum 
Processing, pp. 267, 278. 














Another Gulf polyform unit, with 3500 b /a charge capacity. All units shown here 
were designed and built by the Lummus Co. 
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TOMORROW 


... IN PETROLEUM TECHNOLOGY 


Current technological and economic developments discussed here in 
the light of their future bearing on petroleum refining operations 


include: 
® Petroleum chemicals showed marked gains in 1945. 
@ Synthine process continues to attract attention. 
@ Oil filters lubrication problems. 
® Bibliography released on portable gas proudcers. 
. 


Petroleum Chemicals Showed 
Marked Gains in 1945 


HE compilation and release of in- 

dustrial statistics are among the most 
valuable functions of such government 
agencies as the United States Tariff Com- 
mission, since these statistics are vitally 
needed by industry in judging industrial 
trends and in making decisions regarding 
new enterprises and the balancing of 
current operations. 


Tariff Commission statistics on syn- 
thetic organic chemica's have been quoted 
twice before™ in the three years in which 
this series has been appearing, since they 
are issued annually, and it is therefore 
highly pertinent to review the latest data 
released by this agency, since petroleum 
chemicals are of increasing interest to 
the petroleum industry. 


According to this new report,” “pro- 
duction of chemical raw materials derived 
from petroleum and natural gas amounted 
to 3.3 billion pounds in 1945. This 
output compares with 2.8 billion pounds 
produced in 1944 and 1.5 billion pounds 
in 1943. The output of naphthenic acid 
in 1945 was 30.081,000 pounds, com- 
pared with 28,000,000 in 1944. The 
output of cresylic acid from petroleum 
alone cannot be shown, as to do so 
would divulge confidential information, 
but production from all sources was 
25,784,000 pounds in 1945, compared 
with 29,000,000 pounds in 1944. Naph- 
thenic acid is consumed chiefly in the 
manufacture of driers and antimildew 
agents, while cresylic acid is used largely 
in plastics materials and plasticizers. . 

“The most important hydrocarbon made 





(1) Anon., NATIONAL PETROLEUM NEws, Tech- 
nical Section, 37, No. 6, R-130; No. 49, 
R-997 (1945), “Keeping Up With the News 
—Synthetic Organic Chemicals.” 

(2) Anon., Synthetic Organic Chemicals, United 
States Production and Sales, 1945, Prelimin- 
ary, United States Tariff Commission, Wash- 
ington, 1946. 
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Phillips issues interesting summary of patent aspects. 


from petroleum in 1945 was butadiene, 
used in the production of synthetic rub- 
ber (GR-S type); 779,813,000 pounds 
were produced and 770,414,000 pounds, 
valued at $162,034,000, were sold (21 
cents per pound). This production repre- 
sents a gain of 29,000,000 pounds over 
that in 1944, chiefly at the expense of 
butadiene from alcohol which declined 
substantially.” 

It is interesting to note that 334,194,000 
pounds of the total 1945 xylene produc- 
tion of 402,947,000 pounds (55,887,300 
gallons) were produced from petroleum 
(and scld at an average price of only 
1.7 cents per pound). “All other aro- 
matics” totaled 481,442,000 pounds, sold 
at an average figure of 0.9 cents per 
pound.” 


The following aliphatic hydrocarbons 
were produced in addition to the pre- 
viously mentioned butadiene: butadiene- 
butylene fraction, 183,842,000 pounds; 
n-butane, 255,355,000 pounds; 1-butene 
and 2-butene mixture, 305,870,000 
pounds; isobutylene, 140,853,000 pounds; 
and “all other aliphatic hydrocarbons,” 
577,313,000 pounds. “These data may 
not be complete, since some crude C, 
and C, cuts may be sold as fuel but 
later converted by purchasers to petrole- 
um chemicals.” 


The report shows that 86,949,000 gal- 
lons of toluene, valued at 34.3 cents per 
gallon, were produced at petroleum re- 
fineries, compared with 33,888,000 gal- 
lons produced at by-product coal tar 
plants and tar refineries at an average 
of 26.5 cents per gallon. An additional 
11,572,000 gallons of “aviation grade” 
toluene, at 37.6 cents per gallon, were 
also produced in petroleum refineries, 
and—more important—about 40,000,000- 
50,000,000 gallons of toluene were pro- 
duced in Ordnance plants located at 
petroleum refineries and not included 
in the above figures (for petroleum plants 
not under Ordnance control). “Some 
benzene” and a “small amount of naph- 


thalene” were also produced from pe- 
troleum. 

Some 15,376,000 pounds of cyclic 
petrcleum sulfonates and _ 11,078,000 
pounds of acyclic petroleum sulfonates 
were produced in 1945, in addition to 
an incalcuable amount of surface active 
agents produced from petroleum chemi- 
cal intermediates. 


Among other statistics were those for 
the following chemicals, derived in large 
part from petrcleum: acetic acid, 267,- 
518,000 pounds; acetic anhydride, 524,- 
748,000 pounds; acetone from isopropyl 
alcohol, 307,363,000 pounds; amyl ace- 
tates, 15,589,000 pounds; amyl alcohols, 
13,773,000 pounds; butyl alcohols, 224,- 
741,000 pounds; ethylene glycol, 205,- 
087,000 pounds; ethyl ether, 76,598,000 
pounds; carbon tetrachloride, 192.826,- 
000 pounds; chloroparaffins, 44,809,000 
pounds; methyl chloride, 29,702,000 
pounds; isopropyl alcohol, 490.997,000 
pounds; methanol (synthetic), 493,110,- 
000 pounds; and styrene, 362,160,000 
pounds. 


“Production in 1945 of all plastic ma- 
terials combined was the largest on rec- 
erd, amounting to 808,234,000 pounds 
or 26,000,000 pounds greater than in 
1944. . . . The greatest single use for 
plastics materials reported for 1945 was 
for protective coatings. Out of the total 
production cf 808,234,000 pourds of 
synthetic resins, 304,461,000 pounds was 
produced for this purpose. The next 
largest use for plastics materials was for 
molding and castinz, 160,223,000 pounds 
being produced for this use.” 


Production of synthetic rubbers to- 
talled 1,904,096,000 pounds, divided as 
follows: polybutadiene-styrene type (GR- 
S), 1,615,521,000 pounds at government 
plants and 4,322,000 pounds at private 
plants; polystyrene-isoprene type, 219,- 
000,000 pounds; polybutadiene-acryloni- 
trile type (GR-A), 73,000 pounds at 
government plants and __ 17,878,000 
pounds at private plants; polychloroprene 
type (GR-M; Neoprene), 81,385.000 
pounds (data for government plant 
only); polyisobutylene-diolefin type (GR- 
I), 106,234,000 pounds (data for gov- 
ernment plants only; 20,209,000 pounds 
were produced in a plant operated by 
Polymer Corp., Ltd.); and “all other 
acyclic elastomers” (including plastics 
converted into elastomers by plasticizers, 
silicone elastomers, polyalkene sulfide 
elastomers, etc.), 78,464,000 pounds. 


Many more interesting figures appear 
in this report, since petroleum chemicals 
are finding use in many fields, and many 
non-petroleum chemicals are now being 
used in petroleum products. Impressive 
as the 1945 figures are, they will probably 
be dwarfed by near-future production, 
for postwar demand for most of the pe- 
troleum chemicals is in excess of war- 
time production which, great as it was, 
was limited to existing plants and to a 
minimum of essential new construction. 
There will certainly be some shifts in 
demand, but it appears unlikely that the 
1945 total will seem very large ten years 
from now. 
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Tomorrow in Petroleum Technology 





Synthine Process Continues 
To Attract Attention 


— is now little doubt that the 
Synthine (Fischer-Tropsch) process 
has established itself as the process for 
the near-future economic manufacture 
of oil from natural gas and, eventually, 
coal. This realization, although the litera- 
ture on this subject is already voluminous, 
has inspired a number of critical reviews 
of the pertinent data (including re- 
cently acquired German technology), 
and it has also caused the presentation 
of a number of papers which aid in the 
economic and technical appraisal of the 
current status of the process. 

One of these is a paper presented in 
October to the annual fall meeting of 
the California Natural Gas Association. (3) 
Following a historical review of the proc- 
ess and a discussion of the basic chemis- 
try and technology, Alden points out that 
natural gas has four advantages over 
coal for use as a raw material: (1) “it 
is definitely cheaper (as a raw material ) 
at the present time,” (2) “gas is simpler 
and cleaner to handle and therefore less 
expensive to convert into synthesis gas 
than coal,” and (3) it is easier to desul- 
furize, since “natural gas representing 
about one-third the volume of synthesis 
gas produced from it can be desulfurized 
directly in one step to remove hydrogen 
sulfide; the organic sulfur content of 
natural gas is usually sufficiently low that 
its removal can be dispensed with,” 
while the “sulfur in coal passes into the 
synthesis gas and is thence removed” 
(by treating the entire volume). 

In regard to natural gas reserves, Al- 
den remarks that “the total available 
will be considerably less than 140 trillion 
cubic feet (a recent estimate). Some 
of it will be too sour, some too remote 
for economical gathering, some too near 
to centers of population requiring gas 
for industrial and domestic fuel. . . . 

“Nobody is going deliberately to set 
out to build enough hydrocarbon syn- 
thesis plants to use up our reserves of 
natural gas in 15-20 years.... An eco- 
nomic balance between the use of natural 
gas directly as a fuel and as a raw ma- 
terial for production of gasoline would 
ultimately be achieved. So, if these proc- 
esses prove successful, it is believed that 
there is room for perhaps four or five 
large scale plants to operate continuously 
for a much longer period. When the 
time comes that our natural gas and oil 
reserves are both depleted, there are 
enough coal reserves to. produce the 
United States’ requirements in motor fuel 
on the 1940 level of consumption by 
way of improved conversion processes 
for the next two to three thousand years.” 

Discussing “the very concrete devel- 
opments in the conversion of natural 
gas to liquid fuel, which have given the 





(3) Alden, R. C. “The Conversion of Natural 
Gas to Liquid Fuels,’”’ Preprint of Paper Pre- 
sented at Annual Meeting of the California 
Natural Gasoline Association, Los Angeles, 
October 11, 1946. 
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process a real commercial significance,” 
Alden lists: (1) synthesis gas produc- 
tion by the catalytic reaction of methane 
(natural gas) with steam or, more par- 
ticularly, oxygen, and (2) “the use of 
a fluid catalyst in the synthesis of hydro- 
carbons from synthesis or water gas” 
(for better heat dissipation and increased 
throughputs). 

“As for the future of plants for con- 
version of natural gas to liquid fuels, 
there is every reason to believe that with- 
in the next five years several commercial 
units will be in operation. Being a 
new process, many unanticipated diffi- 
culties will be encountered during the 
initial months of operation of some of 
these plants, but none of these difficulties 
are expected to be insurmountable. Fur- 
ther improvements, particularly with re- 
spect to yields of liquid hydrocarbons, 
undoubtedly will be made, reducing the 
quantity of natural gas required per 
gallon of product. In the meantime, one 
can expect further improvements in the 
use of coal in this process, so that in the 
next ten years or so it may also become 
competitive.” 

It is pertinent to note that Alden’s re- 
marks are in substantial agreement with 
those made by E. V. Murphree at a re- 
cent meeting of the American Gas Asso- 
ciation.{4) Murphree adds the further 
information, reasonably well known, that 
“the catalysts used by the Germans gave 
very paraffinic products, and the gaso- 
line obtained was low in octane number. 
The catalyst mainly considered for appli- 
cation in this country (an iron catalyst ) 
gives a gasoline of relatively high octane 
number. .. . 

“While the cost of producing gasoline 
from gas by the modified Fischer-Tropsch 
(Synthine) process as used in this coun- 
try may even be slightly lower than the 
cost of making it from crude, a sub- 
stantially higher plant investment is re- 
quired in the former case. .. . 


“A plant to produce about 9,000 b/d 
of gasoline along with some 1,800 b/d 
of gas oil from coal, using the fluidized 
technique as discussed above, is esti- 
mated to cost roughly $42,000,000. In 
addition to the gas oil and gasoline pro- 
duced, this plant would produce slightly 
under 40,000,000 cu. ft. of around 100 
BTU gas per day. If this gas is credited 
at 25c per 1000 cubic feet and suitable 
credit made for the gas oil produced 
as well as certain chemicals, which will 
be discussed below, then the cost of gaso- 
line from this plant based on coal at 
$2.50 per ton comes out to roughly 7%c 
per gallon. 

“This is not a great deal more than 
the cost of production of similar grade 
gasoline from crude oil at present crude 
prices. The investment, however, is 
much higher for the gasoline from ccal 
plant than would be involved in making 





(4) Anon., NATIONAL PETROLEUM NeEws 38, 
No. 41, 46 (1946), “Gasoline-from-Gas Now 
Competitive With Oil, Murphree of Jersey 
Says.” 
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the equivalent quality of gasoline from 
crude oil, and the above cost includes 
no return on the added investment. 
“In addition to the other products pro- 
duced from natural gas or coal, there 
are produced relatively large amounts 
of chemicals such as ethyl alcohol and 
higher alcohols, and in addition ketones 
and acids. In areas where these chemi- 
cals can be disposed of, their production 
represents an appreciable credit to either 
the natural gas or coal operation. It 


‘ seems very likely in the future that chem- 


icals produced in this way are going 
to have an important place in the organic 
chemical industry of the U. S.” 

All of this is rendered highly pertinent 
by the signing of contracts by Carthage 
Hydrocol, Inc., for the beginning of 
construction, next spring, on its $19,- 
000,000 Synthine plant near Brownsville, 
Texas. It will not be long before scien- 
tific theories, pilot plant data, foreign 
information, and speculative economics 
get their U. S. baptism in actual com- 
mercial operations. 


Oil Filters Present 
Lubricant Problems 


| -wleanarenie product technology is 
becoming more and more complex, 
as producers and users have been finding 
out in recent years, sometimes to their 
sorrow. This has been especially true 
in the field of crankcase lubricating oils, 
where literally thousands of additives 
have been tested for their effect on prop- 
erties. Greatly improved lubricants have 
resulted from this research, and the public 
is rapidly becoming educated to demand 
these “premium” oils. There is often 
a “fly in the ointment,” however, and 
the extensive use of oil filters in new 
cars—undoubtedly beneficial to engine 
life and efficient operation—may well be 
one of these “bugs” unless properly evalu- 
ated and “allowed for” in lubricant com- 
pounding. 

The exact function of oil filtration in 
reducing engine wear is still the sub- 
ject of research in the automotive indus- 
try, but a recent SAE paper(5) on this 
subject sheds some new light on this 
question, On the basis of numerous ex- 
periments, Penfold and Gray state that: 

“It is now established that at least 
one half, and possibly more, of the iron 
present in the drain oil is metallic iron 
and, therefore, iron removed from the 
upper cylinder region, so the results of 
the analyses of the oil samples, drain 
oil, and washings, and of the filters are 
comparable with the piston ring wear 
figures. 

“The results of this test series show 
that within the limits imposed by the 
test procedure, filtering of engine oil 
does reduce engine wear. The test en- 





(5) Penfold, N. C. and Gray, D. S., “Oil Filtra- 
tion and Its Effects on Engine Wear,” Preprint 
of Paper Presented at SAE National Fuels and 
Lubricants Meeting, Tulsa, November 7-8, 
1946. 
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gine operated with no oil filter showed 
consistently greater wear rates than the 
same engine operated with a filter, and 
of the two possible methods of filtering 
the oil, partial and full flow filtration, 
full flow is shown to be the most effec- 
tive in reducing engine wear. 

“It is the opinion of the observers that 
this wear reduction is accomplished 
through the labyrinth action of the filter 
in removing iron rubbed from the upper 
cylinder region from the lubricating oil 
as the oil passes through the filter, and 


thus preventing this iron from being re- 


turned in the oil to the upper cylinder 
region to act as an abrasive. 

“The mechanism by which the iron 
is removed from the oil by the filter 
is not completely understood, but the 
results of the electron microscope studies 
lead to the speculation that the metallic 
iron particles are carried in aggregates 
of graphitic carbon. The action of the 
filter particles in clogging with this graph- 
itic carbon as well as other contamination 
in the lubricating oil may thus also re- 
move the iron carried by the carbon 
particles.” 

The authors state that “it is apparent 
that further test work could be instituted 
in the direction of investigating the wear 
rate trends resulting from the use of 
different types of filters, the effects of 
variable engine operation, the possible 
relationship of wear to additive concen- 
tration, and other factors. The mechan- 
ism of filter action in removing the prod- 
ucts of wear from the lubricating oil 
could also receive further attention.” 

Penfold and Gray’s study did not evalu- 
ate the removal of additives by filter 
mechanisms, but it does throw additional 
light on filter behavior—a subject which 
certainly merits additional attention, As- 
suming, as is likely, that oil filters have 
come to stay, it behooves lubricant com- 
pounders to know whether the beneficial 
(and costly) additives which they are 
using will remain in the oil after some 
time in service in a filtered system. 


Bibliography Released On 
Portable Gas Producers 


pera activity in the field of portable 
gas producers will undoubtedly de- 
crease in this country, now that the gaso- 
line situation is no longer acute and gives 
no sign of trouble for at least a period of 
years, there is still enough interest being 
displayed in the petroleum and auto- 
motive industries to warrant attention to 
a recent bibliography on this subject,(®) 
since it constitutes a value guide to pub- 
lished information. 

This bibliography contains several 
hundred abstracts, classified under the 
following headings: Books, Design and 





(6) Nowakowska, J. and Wiebe, R., Bibliography 
on Construction, Design, Economics, Perform- 
ance, and Theory of Portable and Small Sta- 
tionary Gas Producers, U. S. Department of 
Agriculture, Northern Regional Research Labo- 
ratory Mimeographed Bulletin AIC-103, Pe- 
oria, Illinois, 1945. 
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Construction, Economics, Engine Tests, 
Fuel, Hazards, Miscellaneous, Purifica- 
tion, and Theory. 

Automotive gas producers were much 
in use in Europe and South America dur- 
ing the recent war,(7) although they 
did not constitute a completely §satis- 
factory—or  convenient—substitute for 
gasoline as a source of automotive power, 
It is certain, however, that they will re- 
ceive further attention at some future 
time, so this bibliography is a welcome 
guide to the information on the subject. 


Phillips Issues Interesting 
Summary of Patent Assets 


Pp ATENTS play an important role in 
the petroleum industry, as is evidenced 
by the thousands granted each year to 
petroleum companies. These organiza- 
tions vary widely in their use of patent 
protection and may be divided, roughly, 
into the following categories: (1) those 
who obtain patents for the sole purpose 
of protecting a process or product from 
use by others, so that they may have an 
exclusive position in particular fields, (2) 
those who desire patent protection for 
their valuable discoveries but who are 
not averse to licensing these patents for 
use by others in return for suitable royal- 
ties, (3) those companies chiefly inter- 
ested in establishing a patent status in 
active fields in order that their bargain- 
ing position will be enhanced if they 
then desire to operate a process whose 
basic patents will have to be licensed from 
others, (4) those organizations which 
are chiefly research groups or construc- 
tion firms and which engage in patent- 
able research for the chief purpose of 
developing licensable processes, etc. 


Many companies do not fall into a 
single category, of course, while others 
often have to change policy in the light 
of particular circumstances. Be this as 
it may, there is nevertheless a keen in- 
terest in patents in the petroleum indus- 
try, as evidenced by the industry’s ef- 
forts to prevent radical and destructive 
changes in basic patent policies while 
at the same time supporting the move 
for the institution of a number of neces- 
sary reforms, 

While most companies are reasonably 
well informed of their own patent status 
and its relationship to the processes of 
other companies, not many of them have 
published anything resembling a frank 
statement of their holdings. It is for 
this reason, among many others, that a 
recent book(8) released by the Phillips 
Petroleum Co. is of considerable interest, 

As stated in the introduction of this 
book, the “Phillips Petroleum Co. is a 
fully integrated oil company, exploring for 
raw materials, producing, manufactur- 





(7) Egloff, G. and Van Arsdall, P., NATIONAL 
PETROLEUM News, Technical Section, 35, No. 
40, R-455 (1943), “Gasogenes’’. 

(8) Anon., Summary of Technical and Patent 
Assets, 1946 Edition, Phillips Petroleum Co., 
Bartlesville, Oklahoma, 1946. 


ing, refining, transporting, and marketing 
crude oil, natural gas, petroleum prod- 
ucts, and chemicals. . . .Phillips’ petrole- 
um research and development, because 
of such highly diversified interests, in- 
clude widely separated fields such as 
electronics, light, geophysics, emulsions, 
P-V-T relations of hydrocarbons, distilla- 
tions at temperatures as low as —350° F., 
refinery processes, hydrocarbon reactions 
of all sorts, organic chemical syntheses, 
a 


“This book presents a brief summary 
of the patent and technical assets of 
Phillips Petroleum Co. It is divided into 
sections, as follows: Motor Fuels, Chem- 
icals, Synthetic Rubber, Carbon Black, 
Lubricants, Catalysts and Catalyst Re- 
generation, Exploration. and Well Log- 
ging, Oil and Gas Production, Liquefied 
Petroleum Gas, Instrumentation and Ap- 
paratus, and General.” As pointed out, 
however, Phillips has many patent appli- 
cations pending and current research 
in progress which supplement and con- 
solidate its positions in these and unre- 
ported fields, so that the patents listed 
(and abstracted) do not necessarily tell 
the whole story. 

Any detailed discussion of the proc- 
esses and products on which Phillips has 
patents would not be pertinent here and 
will undoubtedly be reported elsewhere 
in more detail; much of it has already 
been made common knowledge (in a 
non-patent sense) through publication 
of articles by Phillips scientists. Such 
process and product names as Cyclover- 
sion, non-catalytic gas reversion, non- 
catalytic polymerization, HF alkylation, 
diisopropyl manufacture, Perco copper 
sweetening, catalytic desulfurization, iso- 
merization, olefin-sulfur dioxide resins, 
and Philback carbon black are closely 
associated with Phillips research, and 
Phillips has been an acknowledged pio- 
neer in the marketing of liquefied petrole- 
um gases and, lately, pure hydrocarbons 
and hydrocarbon derivatives. 

The book is therefore also of interest 
from a purely informational viewpoint, 
since processes are well described, and 
the patent abstracts give additional de- 
tails. It is significant that the subjects 
covered by many Phillips patents are 
those which are likely to have future as 
well as present importance, and it is 
apparent that Phillips’ research organiza- 
tion is keeping its company abreast or 
ahead of the field in many ways. 

No details of licensing procedures are 
given in the book, so there is no way 
of analyzing Phillips methods in this 
respect, but it seems apparent that this 
company falls into the second category 
of those listed earlier in this article. This, 
also, is a sign of a progressive organiza- 
tion, since the availability to others of 
new processes and products enables these 
companies to market better products, 
thereby rendering the public better serv- 
ice at the same time that a proper reward 
is received for the fruits of invention 
and investment. 


247 








REFINERY WASTE DISPOSAL 





Improper Control of Storm Run-Off Water 
May Nullify All Waste Treatment Efforts 


Article 12 in a Series—By W. B. HART 


In Charge of Waste Disposal for Atlantic Refining Co. 


A single instance of storm run-off water from a refinery may pollute 
surface waters normally maintained in good condition by proper treatment 
of the plant waste. The surface water damage thus created may become 
a matter of great concern to the oil company; hence the importance of 
making proper arrangements for handling storm run-off waters in the gen- 


eral waste disposal program. 


Various devices for measuring flow of storm waters are useful in de- 


signing run-off systems, either sewers or ditches. 


Two types of velocity 


meters—orifices and sluice gates—and formulas for calculations of flow 


are presented. 


T HE handling of storm run-off water 
has been the subject of probably 
as much controversy as any other phase 
of refinery waste treatment and disposal. 
Whether it should be put through the 
waste treatment equipment, even though 
it increases the load on this equipment 
perhaps greatly; how it can be protected 
from contamination; and how the rate 
of the run-off can be estimated, are 
matters which have been argued time 
and again. 


It is well known that surface waters 
which normally are maintained in a 
clean condition by proper waste treat- 
ment and disposal can be damaged 
seriously by a single instance of pollu- 
tion. The damage done may require 
several years to correct. Such damage 
often can be traced to storm run-off 
water which has flushed into the surface 
waters oil or other waste from the sur- 
face, or perhaps immediate sub-surface 
(i. e., saturated top layers of the ground), 
of the refinery property. 


The accumulation of evidence from 
instances of this kind fully supports the 
claim that storm run-off water which can 
become contaminated with any refinery 
waste should be directed through waste 
treatment facilities before disposal into 
the surface waters. This gives great 
importance to methods by which con- 
tamination of run-off can be prevented, 
so that the capacity requirements of 
treatment facilities and the resulting 
cost of these facilities can be held to a 
minimum. 


Methods for preventing contamination, 
where this is practicable, will be dis- 
cussed first. It will be obvious that the 


248 


discussion must be limited to generalities, 
for each refinery will present an in- 
dividual problem. 


The principal items of importance in 
connection with protecting storm run- 
off water from contamination are grade 
differences, concentrations of equipment 
(i. e., plant layout), kinds of operation, 
“housekeeping,” roadways, railways, 
pipelines, and similar ground surface 
structures. Grade difference is im- 
portant to run-off because, in the ab- 
sence of any restraining or confining 
influence, it controls the direction of 
flow, i. e., from the higher to the lower 
elevation. This initiates the problem, the 
solution of which lies in so controlling 
the movement of the run-off that the 
greatest possible quantity is prevented 
from coming into contact with pollu- 
tants. 

Contact with pollutants in this instance 
usually means contact with oil which 
has escaped accidentally, but any waste 
may be involved. A study of the refinery 
to determine whether these accidental 
contacts may occur is the first action 
to be taken, for as the run-off moves 
from higher to lower levels it should 
be diverted so that it will pass around 
such locations. 


Typical Areas of Contact 


It may be of interest to indicate what 
areas in the typical refinery may permit 
accidental contacts. This will introduce 
two more of the items mentioned above, 
concentration of equipment, and kind of 
operation. As a rule, areas in which 
equipment is concentrated are areas 
where leaks, spills, and so forth, are 
most likely to occur. Here the “house- 
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keeping” item enters. If leaks are re- 
paired as soon as found, and if oil 
which has escaped through leaks or spills 
is gathered up promptly before it can 
penetrate the soil or flow into out-of-the- 
way places, the run-off water from some 
areas of high equipment concentration 
will not be contaminated significantly. 


The “housekeeping” must be con- 
tinuous, thorough, and effective, however. 
in any area to be included in this cate- 
gory. Areas cannot be included where 
there is continuous leakage from samp- 
ling cocks, pump glands, and _ similar 
points, or where leaking flanges, valves, 
or other fittings are ignored. Such areas 
should be diked or curbed, and drained 


to the contaminated sewer system. 


The pathways of pipelines, as for 
example, from storage tank fields to the 
operations and back to finished product 
storage, or from finished storage to load- 
ing racks or docks, have been regarded 
in the past as regions of potential con- 
tamination. In recent years, however, 
the practice of using welded line con- 
struction, and providing pressure con- 
trols or reliefs on pumping equipment, 
has greatly reduced this leakage hazard. 
Old lines on the other hand, still must 
be looked upon with suspicion. 


Experience has shown rather con- 
clusively that loading racks for both tank 
cars and tank trucks never can be regard- 
ed as areas free of spills and leaks. The 
older types of docks and wharves often 
must be placed in the same class with 
loading racks. In none of these areas 
can the possibilities of contamination of 
storm run-off water be ignored and, if 
they are ignored, it cannot be said that 
reasonable precautions to prevent pollu- 
tion have been exercised. 


The survey of the refinery also should 
establish which areas are free of leakage 
to a degree which will permit discharge 
of the run-off without treatment. The 
survey should be made carefully. 
thoroughly, and with full knowledge 
that, if there is a tendency to include 
areas too likely to produce contamin- 
#tion, pollution may result. This in tum 
may be followed by the requirement 
that all run-off be treated before dis- 
posal. This can be very costly as will 
be obvious later. 


Tank Farm Facilities 


Most tankage areas, or “tank farms.” 
are provided with fire walls or banks for 
each tank, or perhaps for various groups 
of tanks. The farms may or may not be 
sewered. If there is a sewer system 
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there usually is a branch from within 
each fire bank (i. e., from an inlet sewer 
box) to the main sewer or a main sewer 
branch. This sewer system should be 
classed as a contaminated system, and it 
should deliver its flow to the appropri- 
ate kind of treatment plant. 


If there is no sewer system for the 
tank farm (and often there is none) 
the fire bank serves to prevent escape 
of waste to the ground surface outside, 
and insofar as this ground is concerned 
the conditions are the same as if a con- 
taminated sewer system had been pro- 
vided. Inside the fire bank, however, 
there is a great difference. If there is 
a sewer connection, the accumulated 
rainwater will run-off quickly; but with- 
out the sewer system the rain water may 
stand for days, depending upon seepage 
and evaporation to escape. This may 
take place rapidly or slowly, depending 
upon the permeability of the soil and the 
humidity of the air. 


There is a way for eliminating this 


‘condition, however, but it must be han- 


dled carefully. Also, the relative ground 
elevations must be suitable to its appli- 
cation. A pipe can be extended through 
the base of the fire bank with a valve 
at a convenient location outside. When 
this arrangement has been installed, any 
accumulation of water within the fire 
bank can be examined (usually for oil), 
and if the water is uncontaminated the 
valve can be opened and the area in- 
side the fire bank drained to the outside 
ground. The valve should be shut at all 


other times. If any oil is present on the 
water it first should be removed, or at 
least its escape should be prevented. 
Various modifications of this controlled 
drainage are possible when necessary 
to meet local conditions or requirements. 


The area outside the fire banks, under 
the conditions outlined above, may be 
regarded as one in which contamination 
of storm water will be only a remote 
possibility. The storm run-off, therefore, 
can be allowed to follow any natural 
flow. In flat regions, where the water 
from very heavy rains tends to accumu- 
late and cause undesirable conditions, 
ditches may help to carry it away, or 
even a storm sewer system may help, 
but no treatment of the water will be 
necessary. 


Exception may be taken to such a 
statement because the run-off water 
will be turbid and high in suspended 
matter, particularly if the tank farm is 
devoid of grass or other top soil sta- 
bilization. This, however, cannot be re- 
garded too seriously, for much of the 
suspended matter will settle before the 
surface waters are reached, and erosion 
of fire banks and so forth will require 
steps toward prevention which auto- 
matically will reduce the suspended mat- 
ter in the run-off, 


Pipe Line Problems 


Pipe lines running through the area 
outside the fire banks may present a 
problem. There are ways for preventing 
contamination from this source also, If 
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Fig. 1—Free-flow orifice applied at a sewer outlet. Diameter of orifice, a, and 
height of liquid level above centerline of orifice, h, as determined by gage, are 
used in calculating flow 
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the lines are underground, good house- 
keeping will be necessary so that in the 
event of leakage no pools of oil will lie 
around to be washed into surface waters. 
If the pipes are in a conduit, usually con- 
crete, the edges of the conduit should be 
raised to protect clean water by keeping 
it out, and the conduit should be drained 
to the contaminated sewer system. 


If the lines are simply laid on the 
ground, are old, and not welded, either 
a clay dike or a concrete curbing should 
be run along each side to form an above 
grade conduit. This should drain to the 
contaminated sewer system. Pump 
houses, and other buildings in the clean 
area should be curbed or diked also, to 
keep any escaped oil confined and pro- 
vision should be made to drain it to the 
contaminated sewer system. While clay 
dikes perhaps are lower in cost to in- 
stall, they must be properly maintained, 
so that frequently concrete curbs will 
be cheaper in the end. 


Railroad tracks and roadways present 
one of the annoying localized problems 
when dikes or concrete curbs are em- 
ployed to control storm run-off water. 
It may sound as if such a problem would 
be simple to solve, and sometimes it 
can be solved rather readily, particu- 
larly if the tracks or roads are slightly 
elevated. But often they are just at 
grade, or only a railroad tie height 
above grade. Then the ingenuity of the 
plant personnel must be brought into 
play, and each instance will be an in- 
dividual one. 


The principal requirement is that the 
effectiveness of the dike or curb which 
defines the run-off path must be con- 
tinuous across either kind of obstruction 
so that the run-off can be kept in its 
predetermined path. The continuity of 
the path for the storm run-off often can 
be maintained across a railroad by mak- 
ing use of the openings between the 
ties. But care must be exercised so that 
neither a railroad nor a roadway is 
jeopardized by erosion. As a “last re- 
sort” it always is possible to elevate the 
railroad or roadway just sufficiently to 
permit the dike or curbing to pass un- 
derneath. 

Pipe lines do not present thé same 
problem as railroads, for passageways 
can be made under them if necessary 
to provide a run-off path transverse to 
the pipe. The dikes or curbs which de- 
fine the run-off path should be contin- 
ued across or under any line or group of 
lines in a manner which will not per- 
mit any considerable leakage. 


In some refineries it has been ob- 
served that partly buried pipelines of 
large diameter are being used either 
intentionally or otherwise as boundary 
elements for an uncontaminated run-off 
area, This is not a very desirable prac- 
tice, particularly if close to surface wa- 
ters. In the first place, if a break does 
occur, there will be little opportunity to 
stop any oil before it reaches the sur- 
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Fig. 2—Diagrammatic sketch of float gage mechanism. Recording device should 
be included, but is not essential 


face waters, and secondly, the suspended 
matter in the run-off will erode the pipe 
unnecessarily, 

As stated before, uncontaminated run- 
off waste generally may be permitted to 
follow its own course to reach the sur- 
face waters. This is not always true for, 
if the ground over which the water 
flows is bare, serious erosion will re- 
sult. Consequently, it may be regarded 
as good practice to provide a system 
of sewers or ditches so that the run-off 
will have only a short over-the-surface 
path. This also will prevent build-up 
of water on flat areas during heavy rain- 
falls, for the water will be carried off 
promptly. 


Measuring Devices Useful 


Run-off water from areas which drain 
to the contaminated sewer system pre- 
sents a problem important to the design 
of waste treatment plants. This problem 
can be reduced to a relatively simple 
one when measuring devices can be used 
and actual measurements of run-off rate 
can be made. This procedure should be 
followed whenever possible for, when 
rate of run-off must be estimated, the 
problem is far from simple. 


Because the measurement of run-off 
is the easier way of determining the 
run-off rate, it will be discussed first. 
The fundamental underlying the mea- 
surement will vary with conditions. It 
should be remembered that the flow 
to be measured is the flow of contami- 
nated waste, the flow that is to be 
treated. This flow properly will be car- 
ried in a system of ditches or sewers, 
and in general it is the physical make-up 
of the carrying system which will de- 
termine the method of measurement, 

But other factors must be considered 
also. For example, in low flat country 
affected by tides, sewer or ditch systems 
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will be flat, and head differentials low. 
Consequently, any installation for mea- 
surement must be such that the drain- 
age will not be retarded and “backed 
up.” The installation must remain in 
place for some time in order to expe- 
rience enough storms to supply the nec- 
essary data and, unless the storm water 
is carried off rapidly, parts of the re- 
finery may be flooded, This can cause 
damage by floating empty tanks, and 
in other ways. 

Another hazard which attends any 
considerable interference with the carry- 
off of water is that which attends the 
use of fire streams. Should a number of 
such streams be needed in an emergency, 
and the water not be carried away, fire 
may be spread by burning oil floating 
on the water surface in the flooded area. 

There will be many occasions when 
the measurement of flow in sewers or 
ditches will be necessary. For conven- 
ience, measuring devices and procedures 
will be discussed here and then can be 
referred to as necessary later. 

There are a number of methods by 
which sewer and ditch flows can be 
measured. One will be applicable to al- 
most any set of conditions. Orifices, 
weirs, flumes, and velocity meters are 
used, and each of these in various modi- 
fications. Orifices can be used in sewer 
lines which run full (i.e., under some 
pressure). But because they usually re- 
quire the use in the sewer of a special 
section of pipe equipped with flanges 
between which the orifice can be held, 
and also require special piezometer con- 
nections, they are not very convenient 
for “runs” (i.e., long stretches) of sewer. 

The most frequent use of the orifice 
is that at the discharge of sewer lines, 
where there is slope enough to permit 
head loss necessary for free discharge 
from the orifice plate. In an installation 


of this kind the sewer is permitted to 
discharge into a trough-like structure 
at the end of which the orifice is lo- 
cated as shown in Fig. 1. The trough 
should be large enough to act in gen- 
eral as a stilling basin, and should be 
equipped with a nipple and valve which 
can be opened if excessive flow threatens 
to flood the upper part of the sewer 
system. 

As accessories to the orifice box there 
should be some accurate device for pre- 
cise measurement of the water level 
ahead of the orifice plate. For this pur- 
pose either a hook gage, a point gauge, 
or a float gage may be used. The first 
two instruments are illustrated in Fig. 
1 and the float gage in Fig. 2. The float 
gage offers the advantage of a simple 
and accurate recording device from 
which a running record of the rate and 
quantity of flow can be obtained by 
calculation. 


Orifice Type Gage 


The orifice illustrated in Fig. 1 is a 


free-flow orifice from which the water 
is discharged into the atmosphere. The 
equation by which the rate of flow can 
be calculated when using this type of 
orifice is as follows: : 
Q=CAV 2gh 
in which 
Q=rate of flow in cubic feet per second, 
C=the discharge constant, 
Although the value of C depends 
upon the size and shape of the ori- 
fice, and upon other factors, a value 
of 0.61 will provide accuracy com- 
mensurate with other possible vari- 
ations in the type of orifice installa- 
tion shown in Fig, 1. 

A=area of the orifice in square feet. 

g= acceleration due to gravity in 
ft./sec./sec. = 32.16 

h=the vertical head in feet. 

A modification of the orifice just de- 
scribed, which can be used when a rela- 
tively large head loss is not permissible, 
is shown in Fig. 3. This is a submerged 









































Fig. 3—Submerged orifice is one where 

water on discharge side completely 

covers orifice. Surface levels on both 

sides, h' and h’*, are used in flow cal- 
culations 
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FRIDAY: Houdry Laboratories receive a long distance call from a Texas refinery, 
requesting assistance in the operation of a TCC unit. Wesley Hoge, able Houdry engineer, 
leaves by train the next day. (He would have flown but all planes were grounded.) 


TUESDAY A. M.: Mr. Hoge arrives at the refinery, confers with Houdry's Texas repre- 
sentative and refinery management; then inspects unit. 


THURSDAY NOON: At Hoge’s suggestion, unit is shut down to permit examination 
of the reactor. 


THURSDAY MIDNIGHT: Twelve hours after shut-down began, inspection of the 
reactor has been completed, mechanical adjustments made per Hoge’s recommendations, 
and unit is ready to resume operation. Pretty good time, even for a TCC! 


FRIDAY: Unit is operating at rated capacity and producing 1,000 B/D more gasoline 
than prior to shut-down. Mr. Hoge takes a bow but not his departure—he stays right there 
to make sure the operation stays right. 








TWO WEEKS LATER: Even Mr. Hoge is satisfied and leaves for home. Refinery 
executives write nice letters to Houdry. It’s really nothing extraordinary, just typical of 
the kind of service Houdry gives its licensees. 


Houdry service begins with the blueprints and never ends! 


HOUDRY =& 
HOUDRY PROCESS vsoabllalene veces CATALYTIC 


PROCESSEs | | 


25 Broad Street, New York Fe N. Yr 
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Refinery Waste Disposal 
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Values of C F 
A/A, Cc 
.05 598 
10 .602 
15 .608 
.20 615 
.25 624 
30 .634 
35 646 
.40 .661 
45 677 
50 .696 
55 .717 
.60 .742 
.65 .770 
.70 804 
A—0.7854a? 
Ai —0.7854a;? 
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NOTE: The values of C shown in the ac- 
companying tabulation are reliable when 
Reynolds Number (Nag) is greater than 10° 
and less than 10’. 
Nr—Va, / 

in which: whe 
V=Average Velocity in Pipe 
a,—Diameter of the Pipe 
p=Density of the Flowing Liquid 

Ibs./cu. ft. 
u—Viscosity of the Flowing Liquid 

Ibs. sec./sq. ft. 


Fig. 4—The orifice design proposed 
by the International Standards Asso- 
ciation is considered most satisfac- 
tory for all straight run sewer flows 








orifice, and the rate of flow can be cal- 
culated as follows: 


Q=CAV 2g(h, —h,) 


in which the symbols have the same sig- 
nificance as previously. The use of this 
form of orifice requires accurate meas- 
urement of the water levels both up- 
stream and downstream. The value of 
C, the orifice coefficient, can be taken 
as 0.6, This is confirmed by the work of 
Smith and of Stuart“*’, which shows a 
range of from 0.595 to 0.614 for round 
and square orifices under heads of 0.3 
to 18.0 feet. 

Sluice gates offer another means for 
measuring flow, but they are not recom- 


mended because the coefficient of dis- 
charge varies considerably with the head 
on the gate and with the gate opening. 
Thus the coeificient must be determined 
experimentaliy Lefore the device can be 
used to determine flow rates accurately. 

For accuracy in the use of the ori- 
fice as a measuring device there must be 
assurance of ample stilling effect in the 
upstream flow. Otherwise it will be 
necessary to make allowance for the 
“velocity of approach.” The effect of 
this velocity is to increase the orifice 
coefficient in varying degrees which may 
be difficult to establish. Therefore, it 
will prove more satisfactory to assure 
proper reservoir capacity in the first 























VALUES OF C 
Ao/A, Cc 
05 .987 
10 .989 
A5 993 
.20 .999 
.25 1.007 
.30 1.016 
35 1.028 
40 1.041 
45 1.059 
50 1.081 ; 
55 1.108 oe 
.60 1.142 
.65 1.183 P 


A, —0.7854a,? 
A,—0.7854a,? 















NOTE: The values of C shown in the ac- 
companying tabulation are reliable when 
Reynolds Number (Nr) is greater than 
10° and less than 107. 
Nr — Vain/u 

in which: 

V=Average Velocity in Pipe 

a,;=Diamtter of the Pipe 

p—Density of the Flowing Liquid 
Ibs./cu. ft. 

u—Viscosity of the Flowing Liquid 
Ibs. sec./sq. ft. 


Fig. 5—A variation in orifice design 
is this International Standards As- 
sociation nozzle 





to 
i 
to 





place. The ingenuity of the plant per- 
sonnel will make this passible under 
practically all circumstances, at least for 
a period of time sufficient to obtain the 
data on the storm run-off. 

The flow in sewers usually cannot be 
measured readily by the use of orifices 
because the sewers 1un only partly full. 
The same difficulty accompanies the 
use of the Venturi meter, although this 
device has important application in con- 
nection with certain treatment processes. 
By providing for the necessary full flow, 
for example, by placing in the sewer lines 
pipe sections of proper size, sewer flows 
can be measured and the flow rate re- 
corded by the orifice, nozzle, Borda’s 
mouthpiece, and Venturi meter. 

The orifice design proposed by the 
International Standards Assn, is the most 
convenient of all for sewer flows, It re- 
quires little room and has been studied 
sufficiently to provide accuracy. The 
piezometer connections are located at 
the faces of the orifice plate. This ori- 
fice is a German development and is 
shown in Fig. 4. The formula for the 
rate of flow is: 


O=CAV 2g(p, — P2)/w 

in which, 

pi — pe = difference in pressure as 

indicated by the manometer 
in lbs./sq. ft. 

w = specific weight in pounds 
per cubic foot of the flow- 
ing liquid. 

The value of C for various values of 
A/A, and for variation in Reynolds 
number are shown as a part of Fig. 4. 
(These data are taken from Regeln fiir 
die durchflussmessung mit genormten 
Diisen und Blenden, V.d.I. Verlag, 
1935). 

Although the nozzle offers little ad- 
vantage over the orifice, mention should 
be made of the I.S.A. nozzle because it 
can be obtained as a unit. It is shown 
with the necessary data in Fig. 5. The 
equation is as follows: 


O=CA,,V 2¢(p, —P2)/w 


The data for calculation of flow using 
the I.S.A. nozzle are taken from the same 
German publication. 

It is not likely that the Borda mouth- 
piece or the Venturi meter will be used 
for the measurement of sewer flows for 
periods such as will be usual for de- 
termining run-off. The first is not well- 
known, and the second too involved 
and expensive although as a permanent 
measuring device it has various appli- 
cations. The Borda equipment really is 
just a modified orifice and can be used, 
for example, where a branch sewer emp- 
ties into a manhole or junction box and 
the discharge is free. 


References 
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PLANT PRACTICES 


. . . for refinery Superintendents and Foremen 


Control Lab Procedure for Separating Oil 


From Grease Is Cut from Day to Half-hour 


AN IMPROVED method for separat- 
ing oil from lubricating grease for 
determination of oil viscosity in plant 
control laboratories has been developed 
by technicians of Battenfeld Grease & 
Oil Corp. Procedure requires 30 min- 
utes on the average as compared with 
nearly a day following that of ASTM 
Method D 128-37. The results obtained 
are reported to check well with those 
obtained by the ASTM method and have 
proven invaluable in control operations. 

This method was presented in a paper, 
“Rapid Method for Determination of Oil 
in Lubricating Greases,” by C. J. Boner 
and G. A, Williams, before the National 
Lubricating Grease Institute, Chicago, 
Sept. 30, 1946. 


For a calcium base grease, 0.25-0.5 
Ib. is placed in a 3-quart metal pan and 
0.5 oz. lime stirred in. Mixture then is 
heated until most of the water is gone, 
then cooled by setting in cold water. If 
sample is not heavier than No. 3 N.L.G.I. 
and oil viscosity not above 100 seconds 
Saybolt at 210°F., clear oil will separate 
in a few minutes. This is filtered through 
a closely-knit cloth to eliminate soap par- 
ticles and then is ready for the viscosi- 
meter. If heavier than No. 3 grease, or 
if the oil is very viscous, working with a 
stiff spatula will assist the oil separation. 


Glycerine Aids Separation 


Oil will not separate well from grease 
made from fatty acids. In these cases, 
addition of about 10 ml. glycerine will 
give a doughy mixture from which oil 
will separate with a little working occa- 
sionally necessary. If the soap cools into 
coarse granules, careful reheating until 
the soap begins to soften and working 
with a stiff spatula will cause the de- 
sired separation. 


Separation of oil from a sodium soap 
base grease may be easily accomplished 
by placing the sample in hot water, skim- 
ming the oil from the surface as soon as 
sufficient quantity collects and filtering 
through several thicknesses of dry cloth 
to remove water. If time is important, a 
half-ounce of caprylic acid is stirred into 
about 0.5 Ib. of grease and the mass 
heated and stirred until almost complete- 
ly liquid (generally about 250° F.). One 
ounce of lime or 1.5 oz. barium hydrox- 
ide then is added, the mixture further 
heated and stirred until most of the water 
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is driven off. The product then is cooled 
and the separated oil is filtered. 

Barium greases also respond well to 
this method, although considerable froth- 
ing results, requiring care to avoid boil- 
over during heating. Lithium greases 
may be similarly treated, although they 
often require 5-10 ml. glycerine to as- 
sist the separation. Where lithium 
greases contain low-flash oils, care must 
be exercised in heating because of the 
fire hazard and to prevent losing light 
fractions of the oils. 

Aluminum base greases are best treat- 
ed by adding 5-10 ml. glycerine and 30 
ml. caprylic acid to 300 g. of the grease, 
heating and stirring until melted. Two 
ounces of barium hydrate are added to 
the melt and heating continued until 
most of the water is driven off. After 
cooling, the separated oil is filtered. Oc- 
casionally it is quite apparent the sep- 





Practical Tips and Ideas 
Based on Actual Refinery 


Operating Experience 











arated oil still contains soap; reheating 
with about 0.5 oz. barium hydrate and 
subsequent cooling and fitration general- 
ly will give a clear sample. 


Start with Large Quantities 


Where a particularly difficult separa- 
tion is encountered, best procedure is to 
start with larger quantities, adding a sec- 
ond portion of alkali after the oil has 
separated from the major portion of the 
soap. This second alkali treatment usual- 
ly brings out the remainder of the soap 
and gives a clear oil. 

In using this rapid method, there are 
certain precautions which must be ob- 
served: 

1. Quick heating is a necessity. 

2. In case of low-flash oils, operator 
must be careful not to overheat and drive 
off light ends, which would give a mis- 
leadingly high viscosity for the oil. 

8. If too much alkali is added it will 
remain in the separated oil as a cloud 
and be exceedingly difficult to remove. 
When this occurs, it is usually simpler 
and faster to discard the sample and 
commence anew than to attempt to re- 
move the cloud. 


Test 20 Air Motors per Hour with System 


Using Electric Generator Voltage Output 


w= pneumatic tools are used to 
clean craking still tubes, the effici- 
ency of the cleaning operation depends to 
a great extent of the efficiency of the 
tools. A simple device developed by 
engineers at the Marcus Hook Refinery 
of Sinclair Refining Co. now makes it 
possible for an inexperienced man to 
test as many as 20 tools in an hour. 
The device was described in a paper, 
“Some Mechanical Difficulties of High 
Temperature Craeking and Suggested 
Solutions,” by Elmer W. Griscom, assis- 
tant refinery superintendent, Sinclair Re- 
fining Co., Marcus Hook, before the 
1946 Conference on Petroleum Mechan- 
ical Engineering, Tulsa, Oct. 7-9. 
Pneumatic tube cleaning tools are 
essentially small gas turbines having all 
the characteristics of a velocity type 
water or gas turbine. The parts are very 
rugged, but even with the best of lu- 
brication and care, they will wear and 
lose their efficiency. When in operation, 
the operator can determine whether his 
machines are running or not by the 
vibration and noise, but there is no way 
he can determine whether the machine 
is running at maximum speed and de- 


livering rated horsepower with mini- 
mum air consumption. 

The usual method is to run the ma- 
chine until someone finds it has not 
been cutting properly, and then send 
it to the shop for repairs. A great many 
manhours may be lost in this process, 
because usually cutting heads are at 
first blamed when actually they are not at 
fault at all, but were hooked up to a 
motor which was not delivering to full 
capacity. Even after the motor was re- 
paired there was no way to tell whether 
the repaired motor would deliver. 


Prony Brake Method Discarded 


After trying, with little success, several 
simplified forms of prony-brake testing, 
Sinclair engineers adopted a method for 
absorbing the power with an electric 
generator, which has since proved very 
satisfactory with results consistent and 
accurate. 

The layout used is shown in Fig. 1. 
Plant air is fed through a rotometer and 
a control valve to the air motor. The 
air pressure is held at 80 psi, which is 
considered to be always available at the 
motors in service. The generator is 
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loaded to a predetermined amperage 
dependent upon the size of the air 
motor under test. The operator need 
watch only the voltmeter. If when the 
motor has reached full speed, it is 
not pulling out the voltage expected, the 
operator knows the motor is not de- 
livering its rated horsepower, He also 
watches the air consumption indicated 
on the rotometer; and if the air con- 
sumption is greater than the required 
amount, the operator knows the motor 
needs repairs. 


The device has proved a_ valuable 
addition to Sinclair’s tube cleaning de- 
partment over the past three years. The 
tube cleaning foreman now knows that 
when he starts turbining a cracking 
still heater his equipment is in perfect 
condition. He said that since starting to 
use this test method, he has not had 
a single failure of a tube cleaning motor 
during the cleaning of a still. 


Speed and Safety with Ignition System 


For Down Fired, Induced Draft Heaters 


QUIPMENT for the safe and rapid 
ignition of down fired, induced draft, 
cracking still heaters has been developed 
and put in use by engineers at the Mar- 
cus Hook refinery of Sinclair Refining 
Co. 

The method was disclosed in a paper, 
“Some Mechanical Difficulties of High 
Temperature Cracking and Suggested 
Solutions,” by Elmer W. Griscom, assist- 
ant refinery superintendent, Sinclair Re- 
fining Co., Marcus Hook, before the 1946 
Conference on Petroleum Mechanical En- 
gineering, at Tulsa, Oct. 7-9. 

In the heaters described, preheated air 


Build Inexpensive Barrel Leak Tester 


From Materials in Refinery Scrap Pile 


A NOVEL idea for an inexpensive bar- 
rel tester, materials for which can be 
found in the refinery scrap-pile, brought 
B. K. Thomen, barrel-house operator at 
Cities Service Oil Co. Ponca City refinery 
an award in the company’s job-suggestion 
contest. This device consists of a com- 
pound lever carrying a pair of adjustable 
arms equipped with rollers, which can 
be attached to a water bath. 

An air-hose is attached to one of the 
barrel’s two bungs, and the other plugged 


—7 


VOLTMETER 









AIR PRESSURE -7 

















Fig. 1—Testing apparatus for still turbine air motors de- 
veloped by Sinclair Refining Co. engineers at Marcus Hook. 
Air consumption, indicated by rotometer, is checked against 
horsepower delivery, indicated by voltage output of gen- 
erator, thus determining quickly the efficiency of the air’ 
motor. This assures the user of first rate tools 
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tightly or connected to a pressure gauge. 
Barrel then is half-submerged in the bath 
by means of the lever and the air turned 
on. The barrel is rotated slowly in the 
water while the operator watches for air- 
bubbles indicating leaks. 

Air is from the regular plant line, 
reduced to 2 or 3 psi through a regu- 
lator. 

A drawing of the barrel tester is shown 
in Fig. 2, which indicates its major parts 
and the method of use. 


is supplied te the windbox on the top of 
the heater. Prior to installing the igni- 
tion device lighting with a torch re- 
quired very careful manipulation of the 
forced air and draft dampers, and re- 
quired at least three operators and con- 
siderable time for completion. The in- 
duced draft fans and forced air fans are 
electrically driven so that in times of 
electric storms or power interruptions of 
other kinds, it is not unusual for a few 
very busy operators to be faced with the 
problem of lighting up these heaters in 
as short a period as possible. 


System Is Not Automatic 


The general layout and the details of 
the installation adopted are shown in 
Figs. 3 and 4, The lighter is a per- 
manent type gas torch with ignition by 
a high tension spark plug. The sys- 
tem is very similar to that in a conven- 
tional household oil burner, except that 
it is not automatic. The lighting torch 
is placed so that it ignites gas coming 
from the regular ring segment type gas 
burner. 

As shown in Fig. 4, the fuel gas for the 
pilot system originates at a fuel gas re- 
ceiver. It is important that the gas sup- 
ply for the pilot be ahead of all gas con- 
trol valves for the still, because these 
valves must not be permitted ‘to regulate 
the supply to a safety pilot system. 

The 110 volt supply to the transformers 
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Fig. 2—Device for submerging barrels in a water bath to 
test for leaks by pressuring at 2-5 psi. with air. Barrel is 
placed in position (shown by broken line); hold-down lever 
is swung down so that bolt holes A and B coincide, and 
is secured in place. Rollers facilitate turning the barrel, 
which is connected to the air supply through a flexible hose 
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originates with the regular 110 volt plug 
and lighting circuit. The use of this low 


: voltage suits transformer specifications 
1/2" HOLE IN CONE. LINED UP WITH CONE OF 16 GAGE BLACK and allows use of standard lighting 


A HOLE IN GAP AND WITH SPARK SHEET IRON BRAZED TO maa t s 
PLUG FOR OBSERVATION OF SPARK 1/2 PIPE switches and fittings. 

With the down-fired DeFlorez heaters 
at Marcus Hook, the gas controls are 
Pia located in the control panel for the 
stills. The double block and bleeder sys- 
’ : tem indicated in the drawings are addi- 
~~ 1/2 X1/8 REDUCER tional blocks in the main gas system to 
J A x the heater after the control valves, thus 
—| 142 OF 178 CLOSE NIPPLE allowing control of the gas under the 


heater as well as at the control board. 













6-3/4 HOLES EQUALLY SPACED 














HOUSING The control for the lighter system is 
pr + also located at the bottom of the heaters 
_—t FOR "PIPE BUSHING so that the spark system and the pilot 





gas system can be started and observed; 
and when the operator under the heater 
778 SPARK PLUG is certain his pilot is ignited, he can then 
open up his main gas system to the gas 
segment type burner. As he opens the 
main gas line, the control house man 





DETAIL OF 3 PIPE CAP 























sonnae’ — over the control of firing the 
eater. 
ad ===> The entire operation will consume 
_ = about two minutes as compared with the 
[ism ows. PIPE 3-8 LONG previous method which took at least 
fifteen minutes, and was in addition a 
very dangerous job, because with pres- 
sure on the windbox, the operator was 
Fig. 3—General layout of safe heater ignition system developed and used continuously in danger of flarebacks. 
at Sinclair Refining Co.’s Marcus Hook plant The transformer itself can be any one 


of a great number on the market, its 
voltage could probably vary from 8,000 
to 12,000; Sinclair engineers happened 
to select one with 10,000 volt output. 

Standard automotive ignition cable is 
used as a conductor between the trans- 
former, and the spark plug. This wire 
runs through % in. flexible cable except 
at the point where it joins the spark 
plug housing. At this point it is pro- 
LIGHTER tected from a fixed pipe with a porcelain 
tube. 

The gas torch is a self-aspirating tyne 
in which the gas pressure draws air for 
its combustion through holes drilled in 
the pipe cap mounted on the top of the 
torch. A shield is installed above these 
holes for protection against rain. The 
torch is made of sufficient length so 
that the flame from it will impinge on 
the regular gas ring. 
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IDEAS—Wanted! 


Plant operators, foremen and su- 
+—— 110 V PLUG perintendents send in your con- 
“ CONDUIT tribution on “how we do it at our 
3/4 CONDUIT pene 
jn refinery”. Possible subjects—any- 
PRESENT 4 FUEL ; thing you have devised that’s more 
GAS VALVE DOWN eflicient 
FROM TOP WALK , ; 
— r ga mor lent —_— published 2 = for 
SWITCH at usual space rates. Ihe idea 1s 
t 0; the thing—we'll dress up the draw- 
NEW4 FUEL _/ GAS CONTROL VALVE ings and presentation, so send your 
GAS VALVE contributions to: 


DRAIN BLEEDER~ } PRESENT FUEL GAS aie Plant Practices Editor 
PETROLEUM PROCESSING 


1213 West 3rd Street 
Cleveland 18, Ohio 
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Fig. 4—Detail of lighting torch which ignites regular gas flow at 
segment type gas ring 
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_ $14,000 Converted Idle 


lsomerization Unit To 
Catalytic Polymerization 


By W. R. NEWMAN 


Vice President in Charge of Refining 


Frontier Refining Co. 


Cheyenne, Wyo. 


WARTIME butane isomerization unit 

was successfully converted to non- 
selective catalytic polymerization opera- 
tion by Frontier Refining Co., Cheyenne, 
Wyo. 

The cost was about $14,000. It was 
necessary to install only one piece of new 
equipment to effect the changeover, which 
was engineered by Universal Oil Products 
Co. The job was done in about three 
weeks by the regular refinery force. 


The converted unit has been operating 
for more than three months, producing 
150-200 b/d of 10-Ib. RVP polymer gaso- 
line having an ASTM octane rating of 
81-83 and a Research rating of 95-97. 
By this means the total gasoline produc- 
tion of the refinery was increased 5 to 
7% and substantial savings were effected 
in the amount of tetraethyl lead needed 
to bring regular and premium grades of 
gasoline to the required octane rating. 


The No. 2 refinery in which the con- 
version was made is an aviation gasoline 
plant built in 1943 for the Defense Plant 
Corp. It consists of a crude unit of 3200 
b/d capacity, thermal reforming unit, 
Fluid catalytic cracking unit with design 
capacity of 2600 b/d (the smallest com- 
mercial unit in the world), gas concentra- 
tion system, U.O.P. hydrogen fluoride aJ- 
kylation unit, U.O.P. isomerization unit 
and treating plant. 


When the aviation gasoline refinery was 
built, it was interconnected by pipelines 
to No. 1 refinery, about 500 yards away, 
to permit interchange of raw materials 
and products. No. 1 plant, built in 1941, 
consists of a topping unit with charging 
capacity of 4500 b/d, U.O.P. thermal 
cracker, capacity 700 b/d, an asphalt unit 
and lube oil blending facilities. It oper- 
ates on Elk Basin (Wyoming) crude, a 
black oil of 28 API gravity containing 
about 2.3% sulfur. 


Having in the two refineries all the 
equipment needed to make the various 
components of 100-octane gasoline, Fron- 
tier was a consistent producer of finished 
fighting aviation motor fuel until the need 
for this special product ceased. 


As operated during the war, gas oil 
from the topping unit in Refinery No. 1 
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Former isomerization re- 
actor in Frontier's Chey- 
enne Refinery, lower por- 
tion of which now con- 
tains solid phosphoric acid 
polymerization catalyst 


was piped to the government-owned plant. 
where it was added to the gas oil pro- 
duced in the topping unit of Refinery No. 
2 and fed to the catalytic cracking unit. 
The cracked gases from the thermal crack- 
ing unit were fed into the gas concentra- 
tion unit with the liquid and gas products 
from the catalytic cracker, for the purpose 
of recovering light hydrocarbon fractions 
to be used as feed for the alkylation unit. 

When the war ended, Frontier, like 
other refiners, was eager to convert as 
speedily as possible to the manufacture 
of civilian products, Therefore, it was de- 
cided to continue and increase the pro- 
duction of higher grade gasoline for motor 
fuel and at the same time to develop a 
market for bottled gas which would offer 
an outlet for the C.-C, fractions. 


With these objectives in mind, the com- 
pany leased the facilities of Refinery No. 
2 from the government. Of these it was 
intended at first to operate only the Fluid 
catalytic cracking unit and the gas con- 
centration unit, the former to make 
cracked gasoline of superior quality and 
the latter to stabilize the gasoline and to 
recover the maximum of C,-C, for bottled 
gas. 

A study of the gas concentration sys- 
tem with a view to simplifying it and re- 
ducing operating costs, and consideration 
of the entire refinery picture as well dis- 
closed two things: 

First, that the cost of operating the 
existing gas concentration system was very 
little greater than the cost of operating 





a simple absorber-stabilizer system, and 
it had the advantage of recovering the 
maximum of light hydrocarbons. 

Second, that because of the growing 
market for gasoline and acceptance of 
the Frontier product, the light fractions 
could be converted to polymer gasoline 
more advantageously than they could be 
marketed as bottled gas. 


A review of the equipment available 
at the idle alkylation and isomerization 
units disclosed that a large portion of the 
equipment in the latter could readily be 
converted to a polymerization unit. Few 
piping changes or additions of equipment 
were required. The accompanying flow 
diagram (Fig. 1) shows the changes that 
were made. 

The additional equipment consisted of 
three G-fins to afford more surface for 
heating the feed to the poly reactor, two 
water-injection pumps for maintaining 
proper catalyst hydration, and a new filter 
pot for collecting the small amount of 
catalyst fines liberated when new catalyst 
is placed on stream. 

Actually, the filter pot, a vessel of 24 in. 
inside diameter, 5 ft, high and suitable for 
500 Ibs. pressure, was the only piece of 
new equipment that had to be installed 
The other miscellaneous items required 
were available in the refinery. Two exist- 
ing caustic feed pumps were rebored and 
new trim was added for the new water 
injection service. 

Conversion of the reactor tower of the 
isomerization unit to serve as the catalyst 
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WHEN THEY SAY IT’S OK...IT’S 


Refinery units designed by UOP have an 
uncanny way of fully measuring up to per- 
formance requirements right from the first 
moment of operation. 

Perhaps one of the most important reasons 
for this accuracy .. . this foreknowledge of 
. can be attributed to the UOP 
“conference board” of engineers. These 


results .. 


men...each one a specialist in a particular 
phase of refining ... pass on every proposed 
installation before working drawings are 
even started, 

Preliminary flow diagrams and _ plans 
are submitted to this board. A thorough 
study and analysis is made by them. Each 
step of the process is discussed ... the 
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function and capacity of each individual 
unit is explored . .. every possible weakness 
is brought to light and corrected. These 
discussions may continue for days... flow 
diagrams may be changed again and again. 
But . . . when this board has put their final 
OK on the plans .. . they’re OK. 

This procedure is typical of the thorough- 
ness with which UOP handles every detail 
of their business ... a business devoted to 
research, development, engineering, and 
service ...a business that efficiently serves 
the petroleum industry. 


UNIVERSAL OIL PRODUCTS COMPANY 


General Offices: 310 S. MICHIGAN AVE. 
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CHICAGO 4, ILLINOIS, U.S.A. 


LABORATORIES: RIVERSIDE, ILLINOIS 
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Converted Isomerization Unit 





tower for the polymerization unit required 
only the fitting of a grating in order to 
make it possible to separate the polymeriz- 
ation catalyst into two 7-foot beds. Con- 
nections were added to the tower to per- 
mit introduction of a quench stream and 
water injection between catalyst beds. 
Four thermocouples were installed to 
measure catalyst temperatures. 

Because of the high sulfur content of 
the crude processed, the light fractions 
produced in cracking the topped crude 
and gas oil are high in hydrogen sulfide 
and mercaptans. Consequently, it is neces- 
sary to remove the sulfur compounds from 
the poly plant feed, as they would other-. 
wise become concentrated in the polymer, 
thereby reducing its blending value. 


The sulfur content of the C,-C, fraction 
when operating the gas concentration 
unit for maximum recovery of propylene 
and butylenes was known to be of the 
order of 1500 grams of combined H,S and 
mercaptans per 100 cu. ft. This sulfur con- 
tent can be held down to approximately 
100 grams per 100 cu. ft. by operating the 
de-ethanizer and other columns under 
conditions that give less than maximum 
recovery of propylene. 

The use of a regenerative type H.S re- 
moval system was considered as a means 
for removing a major portion of the sulfur 
compounds from the poly plant feed. 
However, providing such facilities would 
have delayed the startup of poly unit and 
increased the cost of making the conver- 
sion. It was decided therefore to start the 
operation in such a manner that the gas 
concentration unit would reject the bulk 


TABLE 1—Fractional Distillation Analyses of Feed and Products at Frontier’s Con- 
verted Polymerization Unit 


Propylene 
Propane 
Isobutane 
Butylenes 
Normal butane 
Isopentane 
Normal pentane 
Hexane + 
Sp. Gr. 
Olefin content 
R.V.P. 
E.P. 


Fresh Feed Recycle Polymer 
Mol. % Mol. % Liq. Vol. % 
bs site viet 15.7 0.5 
eas 14.1 36.3 
5 eels 21.8 46.7 10.4 
site sen 36.2 2.2 2.4 
chatter 12.2 14.3 11.9 
si tact 0 0 1.0 
s easralia ee ue 1.8 
sonal adie aah 72.5 
saa ~ Bay 0.7015 
or 51.9 2.7 ‘ 
reteag 23.3 
paste 417°F. 





of the H,S and mercaptans from the poly 
plant feed, postponing the installation of 
a regenerative type H,S removal system. 


The gas produced in the catalytic 
cracker is handled through the gas con- 
centration and polymerization units in the 
following manner: 


The cracked gasoline and gases from 
the catalytic cracking unit are fed into 
the gasoline stripper of the gas concentra- 
tion system, the bottoms from which is 
used as absorption oil in the de-ethanizer, 
into which passes the gaseous and liquid 
overhead from the gasoline stripper. The 
de-ethanizer now, as before, is operated 
to remove all gases lighter than the pro- 
pane-propylene fraction. 


The de-ethanizer bottoms stream is sent 
to the former depentanizer which now 
acts as a debutanizer to separate the 
C.-C, fraction from the catalytically 
cracked gasoline. A low vapor pressure 
gasoline is produced as bottoms from this 
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ORIGINAL FLOW IN ISOMERIZATION SERVICE 
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PRESENT FLOW IN POLYMERIZATION SERVICE 


Fig. 1—Flow diagram of original isomerization unit (top) and as converted to cata- 
lytic polymerization (bottom) 


PETROLEUM Processinc, December, 1946 


column in order to recover all possible of 
the C, fraction for polymerization plant 
feed. 

The liquid C,-C, fraction obtained as 
a net overhead stream from the gas con- 
centration unit depentanizer is pumped 
through a caustic wash on its way to the 
polymerization unit for the removal of 
H.S and mercaptans. Thus is produced a 
low sulfur polymer having optimum 
blending octane number. 

The fresh C,-C, feed is collected in 
a combined feed surge drum, where it is 
mixed with a low olefin content recycle 
stream from the polymer stabilizer over- 
head. The recycle stream is used to 
dilute the olefin content of the feed to the 
catalyst tower so that the temperature 
rise occurring in the catalyst beds, as a 
result of the exothermic polymerization 
reaction, will not be excessive. Typical 
analyses of the fresh feed and recycle are 
shown in Table 1. 

The fresh feed normally contains 45- 
50% C, and C, olefins. Sufficient re- 
cycle is used to obtain a combined feed 
having an olefin content of approximately 
20-22%. 

The combined feed is then pumped 
through an exchanger to recover the heat 
from the catalyst tower effluent, through 
a preheater, and then into the catalyst 
tower, The temperature of the feed to 
the catalyst tower is controlled to give 
the desired degree of olefin conversion 
without exceeding a maximum of 450° F. 
at any point in the catalyst beds, Under 


normal operating conditions the tempera- ; 


ture in the catalyst beds will range from: 
350-380° F. inlet to 430-450° F. outlet; 

Conversion of olefins obtained at these 
temperatures has been of the order of 
90-95%. 

Effluent from the catalyst tower is fed 
to the column which was formerly used 
for aluminum chloride recovery in the 
isomerization process, now used as 4 
polymer stabilizer. The net overhead from 
this stabilizer is released to the fuel sys- 
tem. The condensable portion of the 
polymer stabilizer overhead stream is used 
for reflux as well as recycle. 

The bottom fraction from the polymer 
stabilizer is high vapor pressure polymer 
which is blended directly with the cata- 
lytically cracked gasoline. Sufficient bu- 
tanes are retained in the polymer to con- 
trol the vapor pressure of the total gaso- 
jine make of No. 2 refinery. 
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Patent Trends in Petroleum Refining 


By Peter J. Gaylor 


Patent Attorney and Editor “The Technical Survey” 








Developments disclosed in the patents reviewed below include: 


A very effective hydrocarbon dehydrogenation catalyst. 


The retarding of corrosion in distillation equipment. 


English developed Catarole Catalytic cracking process. 


Paint and varnish remover patented by Cities Service Oil Co. 


Dehydrogenation Catalysts 


NE of the most effective catalysts in 
hydrocarbon dehydrogenation has 
been made by Standard Oil Development 
Co. During the war, this catalyst was 
employed on a large scale for producing 
butadiene from butylene. 
One such effective catalyst is described 
in U. S. 2,395,875, and consists of the 


following components: 


Material % by Wt. 
MgO 50-95 
Fe.Oz 3-49 
Promoter 0.5-10 
Stabilizer 0.5-20 


Among the alkali and alkali earth pro- 
moters (which promote the dehydrogena- 
tion activity of the catalyst), the oxides 
of potassium, calcium and strontium are 
preferred. 

The principal function of the stabilizer 
is to prevent volatilization or inactivation 
of the catalyst (K,O is gradually lost 
from the catalyst during use). Oxides 
of copper, silver, zinc, cadmium, man- 
ganese, cobalt, nickel, thorium, zirconium, 
cerium, lead, bismuth and aluminum are 
most suitable stabilizers. One especially 
effective catalyst has the following com- 
position: 


Material % by Wt. 
MgO . ; . 72.4 
Fe.O3 ea eee 18.4 
re : 4.6 
CuO ; 4.6 
Best results are obtained when the 


feed is diluted with steam in the volume 
ratio of 1:8 to 1:4. Reactor temperature 
is preferably kept at 1100-1300° F. The 
main function of the steam is to reduce 
the partial pressure of the hydrocarbon 
and also to react with the coke deposited 
on the catalyst surface, to give oxides of 
carbon and hydrogen which tends to pro- 
long catalyst life, since those are excel- 
lent catalysts for the water gas reaction. 
Catalyst regeneration is effected by 
shutting off the hydrocarbon feed flow 
and passing steam or steam and _ air 
through the catalyst mass at 1100-1300° 
F. When K,O is employed as the pro- 
moter, butene may be converted to bu- 
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tadiene to the extent of 31% with 80% 
selectivity. 

In U. S. 2,395,876, it is specified that 
a larger proportion of steam is desirable, 
preferably over 12 vols. per vol. of bu- 
tene. In this way, conversion per pass 
is increased without decreasing selec- 
tivity. 

Catalysts having a high percentage of 
copper are covered in U. S. 2,407,378, 
some of the more desirable compositions 
having the following analysis: 


75% CuO, 20% Cr,0,, 5% K,O 
75% CuO, 20% Fe,O,, 5% KO 
75% CuO, 20% MnO,, 5% K,O 


In U. S. 2,408,146 a more effective 
catalyst is disclosed containing 52-59.4% 
magnesium oxide, 10-40% chromium 
oxide, 0.5-3% potassium oxide, and pre- 
ferably accompanied with 0.3-5% by 
weight of oxides of cerium, sodium, bari- 
um, aluminum, lead, titanium or copper. 


One particularly effective composition 
analyzed as follows: 
Material % by Wt. 
MgO 78 
Cr.Oz ‘ 20 
K.O 1.5 
CeO; 0.5 


With such a catalyst, it is possible to 
obtain a butene conversion of 43.4% with 
a butadiene selectivity of 59.7%. 


Other patents of interest in this con- 
nection are U, S. 2,370,797, and Reissue 
22.800 


Corrosion of Distillation 
Columns and Equipment 


N SULFURIC acid alkylation, corro- 

sion takes place in the alkylate dis- 
tillation columns, reflux accumulators, 
and transfer lines, in spite of the fact 
that the alkylate has been washed with 
caustic soda solution. It is believed that 
such corrosion is due to decomposition of 
sulfuric esters which results in the for- 
mation of deposits and liberation of vola- 
tile acidic materials. 


Such corrosion has been retarded to 
extent 


some by injection of phenolic 





bodies such as tricresol or crude petro- 
leum phenols into the alkylate, as dis- 
closed in Standard Oil Development Co.’s 
U. S. Patent 2,393,531. Recently, an im- 
provement over the latter process was 
disclosed by the same firm in its U. S. 
2,408,011. 

In the new process, an alkaline in- 
hibitor is injected into the alkylate, prior 
to distillation, in amounts of 0.005 to 
0.5%. Specifically, the compounds added 
are alkaline compounds of phenols, such 
as the sodium salts of high boiling phe- 
nolic compounds, as for example tricresol, 
pyrogallol, resorcinol and hydroquinone. 
The salts of petroleum phenols are con- 
sidered as especially useful since petro- 
leum phenols contain natural inhibitors 
against acidic corrosion of metals. These 
are injected into the alkylate as a. solu- 
tion in a hydrocarbon having a- boiling 
range lower than those of the phenols, 
but higher than those of the heavier 
alkylate fractions. 


It is believed that the sodium ion re- 
acts with the acidic vapors at the point 
of release from alkylate, whereas the 
phenolic group exerts an inhibiting ef- 
fect in protecting the metal surfaces from 
corrosion and _ deposition of fouling 
bodies. 


Catalytic Cracking— 
Catarole Process 


HERE has been some publicity given 

in England on the so-called Catarole 
cracking process developed in England. 
by Weizmann, and sponsored by Petro- 
carbon, Ltd. Among the patents of this 
nature issued to Weizmann is U. S. 
2,397,715 which discloses the use of hy- 
drogenating-dehydrogenating metal cat- 
alysts, such as chromium, cobalt, copper, 


iron, manganese, molydenum, _ nickel, 
platinum metals, silver, tungsten and 
vanadium. 


It is stated that low boiling bituminous 
shale oil (50-180° C.) and low tempera- 
ture coal oil (100-180° C.) can be em- 
ployed for conversion to aromatic hydro- 
carbons and gases. The reaction is de- 
scribed as “catalytic, aromatising reform- 
ing” and is carried out at about 650° C. 
and atmospheric: pressure. 


The patent states that it is not neces- 
sary to use a purified material. In fact 
crude oils may be employed, in which 
case simultaneous desulfurization also oc- 
curs. The catalyst is said to retain ac- 
tivity even during carbonization, which 
occurs simultaneously during conversion, : 
although successive treatment with air 
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TABLE 1—Operating Conditions and Yields Using the Catalytic Cracking Process 
Described in U. S. 2,397,715 


Sample A 
Temperature. ee 680 
Catalyst = apatataoal (+) 
OS Be, ee eee ee 160 
ee PPT eCCT UTI e Cr CT 488 1 

Density rere 6 

Weight grams .... 537 
Liquid total +. ee 450 

Light (B. P. up to 180° 

C.) ae 825 

Heavy (B. P. above 180° 

C.) Te 125 

Boiling below 80° ......do.... 6.8 

Benzene -esesORicns Se 

Toluene @.... ERAS 

Xylene fraction . . ite ss 42.1 

Higher alkylbenzenes 7 ere 18.0 





® Copper on pumice. 
4 Copper-iron. 


B B® C D 
650 680 650 650 
(t) (+) (t+) (+) 
154 143 167 203 
898 1 480 1 356 1 282 1 
(1.1) (1.1) 1.18 (1.1) 
438 508 420 310 
544 492 496 644 
448 356 288 320 
96 136 208 324 
42.2 12.5 22.1 21.3 
88.4 135.8 74.1 38.2 
151.2 119.6 81.9 124.0 
126.3 50.5 69.9 89.8 
40.2 37.4 49.3 46.9 





and hydrogen may be used to reactivate 
the expired mass, 

In one example, a mixture of fine cop- 
per and iron turnings (5:1) is employed 
in a steel tube, the mass first being oxid- 
ized at 400° C. and then reduced at 250° 
C. and brought up to 650° C. Apparent- 
ly, straight run gasoline stocks are pre- 
ferred feeds, and some results obtained 
are given in Table 1. Table 2 shows the 
gas composition from one of the runs. 

A recent article!) points out that the 
industrial success of the whole process is 
dependent to a large extent on the proper 
utilization of the olefinic gases. Another 
article(2) mentions that one of the large 
future uses of powdered metals is in 
gasoline cracking. A number of British 
patents?) have been issued to Petro- 
carbon, Ltd., and the organizational set- 
up of the firms and individuals involved 
was published in a British journal‘). 


Paint and Varnish Remover 


AMONG the specialty paterts issued 
not long ago was one to Cities Serv- 
ice Co. (U. S. 2,398,242) on a paint and 
varnish remover. This patent points out 
that most varnish removers require hot 
dipping or hot brushing with solvent for 
stripping the paint from the article, How- 
ever, in many cases such treatments are 
impossible, dangerous or impractical. 

A paint and varnish remover is pro- 
vided which is in the nature of a paste 
and which acts effectively at normal 
temperatures to penetrate and loosen pro- 
tective coatings. The preferred com- 
position consists of a mixture of the fol- 
lowing ingredients in the proportions in- 
dicated: 


% by vol. Parts by wt. 


Water sale 10 10.00 
Monoethanolamine . 10 10.20 
ee 20 8.20 
1-Nitropropane 30 30.09 
Oleic acid . 10 8.95 
Isopropyl alcohol 20 15.75 


This composition has proven highly ef- 
fective in penetrating and _ loosening 
paints, and particulaily lacquers employed 
on aircraft. It will strip completely an 
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TABLE 2—Composition of Gas from 
Sample C (Table 1) at 650° C. 


Per cent Per cent 

by volume by We‘ght 
Hydrogen ~~ ae 0.8 
0 Sree 36.90 22.3 
Ethane - .. 13.10 13.7 
eee 15.95 16.9 
ee 2.40 3.9 
Propylene vena Cee 17.5 
I ei. sis intra arese 0.55 1.2 
Butenes hte 3.90 8.2 
Iso-butylene iat 2.20 4.6 
Pentanes and pentenes 2.30 6.1 
Hexanes and hexenes . . 1.40 4.5 





anodized aluminum alloy panel finished 
with a primer and enamel top coat, and 
will leave a surface suitable for refinish- 
ing without further preparation. The 
vapor composition of the mixture is very 
low and little evaporation is encountered. 
Also, none of the components is claimed 
to be corrosive to aluminum alloys or 
steel, cadmium plate, etc. It is also 
soluble in water, thus making it possible 
to wash it away after it has done its 
work. 

The water in the composition is said 
to have an important function in render- 
ing the penetrant solvents very active in 
attacking both baked and airdried var- 
nishes. 
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Selected Patents of the Month 


U.S. 2,408,724 (Standard Oil Co.—Ind.)—Tolu- 
ene from naphtha. 

U.S. 2,408,725 (M. W. Kellogg)—Polymerizing 
olefins. 

U.S. 2,408,752-3 (Standard Oil—Ohio) — Iso- 
merization. 

U.S. 2,408,798 (Standard Oil Development)— 
Alkylating mixed olefins. 
U.S. 2,408,846 (Perfect Circle Co.)—Antide- 
tonation apparatus for automotive engines. 
U.S. 2,408,920 (Phillips Petr.)—Separating mer- 
captans. 

U.S. 2,408,922 (Shell)—Separating isoprene by 
azeotropic distillation. 

U.S. 2,408,933 (Universal Oil Prods.) — HF 
alkylation. 


U.S. 2,408,940 (Phillips Petr.)—Carboxylic acid 
ester. 

U.S. 2,408,941 (Universal Oil Prods.)—Isomeri- 
zation. . 

U.S. 2,408,948 (Ocon et al)—Catalytic reform- 


ing. 

U.S. 3,408,947 (Dow Chem.)—Separating ole- 
fins and diolefins by azeotropic distillation. 

U.S. 2,408,970 (Union Oil)—Butadiene purifi- 
cation. 

U.S. 2,408,971 (Standard Oil Development)— 
Slushing oil. 

U.S. 2,408,983 (Union Oil)—Isoparaffinic hy- 
draulic fluid. 

U.S. 2,408,986 (Socony)—Gel bead. 

U.S. 2,408,987 (Phillips Petr.)—Catalytic con- 
version. 


U.S. 2,408,996 (Union Oil)—Catalyst rejuvena- 





tion. 

U.S, 2,408,999 (Standard Oil Development)— 
Branched alkanol-gaseous hydrocarbon motor 
fuel. 

U.S. 2,409,059 (Phillips Petr.)—Extracting oils 
with pipe co-lines. 

U.S. 2,409,061 (Sinclair Refg.)—Beta amino 
beta propyl glutaro nitriles. 

U.S. 2,409,080 (Pure Oil)—Alkylating benzene. 

U.S. 2,409,090 (Socony) — Alkylating ethylene 
(HF). 

U.S. 2,409,167 (Texaco)—Fuel with carbonyl 
antiknock. 

U.S. 2,409,171 (Standard Oil Development)— 
Inhibited leaded fuel. 

U.S. 2,409,176-7 (Allis-Chalmers) — Gas tur- 
bines. 

U.S. 2,409,234 (Standard Oil—Ind.)—Revivify- 
ing adsorptive material. 

U.S. 2,409,235 (Texas Co.)—Fischer synthesis. 

U.S. 2,409,247 (Socony) — Polymerizing olefins 
with HF—P.O;. 

U.S. 2,409,248 (Socony-Vacuum)—Polymerizing 
olefins with fluophosphoric acid. 

U.S. 2,409,250 (Carbide)—Separating butadiene. 

U.S. 2,409,258 (McLaurin-Jones Co.)—Asphalt 
adhesive. 

U.S. 2,409,259 (Union Oil)—Conjugated dienes. 

U.S. 2,409,260 (Standard Oil—Ind.)—Isomeriz- 
ing butane. 

U.S. 2,409,263 (Filtrol Corp.)—Desiccant clay. 

U.S. 2,409,296 (Texas Co.)—Sulfurized partially 
hydrogenated cardanol. 

U.S, 2,409,303 (Texas Co.)—Oil soluble metal 
aromatic sulfide additive. 

U.S, 2,409,329 (Shell Dev.)—Organic thiocyano 
compounds. 

U.S. 2,409,333 (Standard Oil Development)— 
Chemically resistant lubricant. 

U.S. 2,409,336 (Jasco)—Chemical-resistant non- 
tacky film-forming paint. 

U.S. 2,409,353 (Universal Oil Prods.)—Hydro- 
carbon conversion. 

U.S. 2,409,386 (Aerojet) — Nitrogen from in- 
ternal engine exhaust gases. 

U.S, 2,409,389 (Phillips Petr.)—Alkylation. 

U.S, 2,409,390 (Shell Dev.)—Isomerization. 

U.S. 2,409,443-4 (Cities Service) — Tricresyl 
phosphate-containing instrument, and_ clock 
lubricant. 

U.S. 2,409,476 (Kellogg, M. W.)—Contacting 
solids with vapors. 

U.S. 2,409,494 (Texas Co.)—Starch-containing 
gel catalyst. 

U.S. 2,409,544 (Texas Co.)—Alkylation. 

U.S. 2,409,596 (Socony Vacuum)—Contact mass 
apparatus. 

U.S. 2,409,671 (L. Sonneborn Sons)—Oil solu- 
ble polyalkyl aromatic sulfonates. 

U.S. 2,409,678 (du Pont)—Heavy metal soaps. 

U.S. 2,409,681 (Standard Oil Development)— 
Alkylation catalyst. 

U.S. 2,409,686 & 726 (Standard Oil Develop- 
ment)—Compounded lubricating oils. 

U.S. 2,409,687 (Standard Oil Development)— 
Aryl metal sulfide. 

U.S. 2,409,690 (Standard Oil Development)— 
Desulfurizing hydrocarbons. 

U.S. 2,409,695 (Standard Oil Development)— 
Increasing aromaticity of aromatic fuels. 
U.S. 2,409,727 (Phillips Petr.)—Tetra isobuty- 

lene by polymerizing diisobutylene. 

U.S. 2,409,746 (Shell) — Supercharged engine 
fuel containing methyl tert. butyl ether, iso- 
octane, neohexane, triptane, etc. 

U.S. 2,409,751 (Universal Oil Prods.)—Catalytic 
conversion. 
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EQUIPMENT PATENT REVIEW 





Hot Secondary Air Supply Saves 
Fuel and Improves Combustion 


New and improved methods and devices used in petroleum processing and 


handling operations on which patents have recently been issued include: 


® Hot secondary air supply saves fuel, improves combustion 
© Dispensing nozzle and valve is rapid, thumb-operated 


® Combined gage hole cover and vapor line connector for 


tanks 


"input n can be improved, with 
a corresponding saving in fuel, by 
installing in the boiler a means for sup- 
plying hot secondary air. Primary air 
is handled as usual, passing up through 
the grates from below, while secondary 
air is heated and passed over the top of 
the burning fuel. 

As shown in Fig. 1, the bridge wall 
10 is located between the fuel bed 5 and 
the hot gas chamber 9. Secondary air 
is sent in to the equipment by blower 18, 
through pipe 20 to the interior of the 
wall 10, where it passes back and forth 
through a series of built-in metal con- 
duits, finally emerging at ports 17. 

Because the wall 10 becomes very hot, 
the secondary air supply reaches esti- 
mated temperatures of from 1200 to 
1500° F., thus materially aiding the pri- 





Water clarifier removes coagulated floc effectively 
Rigidity provided in improved coupling for threadless pipe 
Uniform flow controlled in column with internal reflux 


mary air in producing efficient combus- 
tion. 

U. S. 2,406,398, issued Aug. 27, 1946, 
to Joseph E. Pernet, assignor to Fuel 
Saver Corp. 


Dispensing Nozzle and Valve 
Is Rapid, Thumb-Operated 


A simple, easy-to-use, thumb-operated 
valve and dispensing nozzle for the trans- 
fer of fluids under relatively high pres- 
sure from one container to another has 
been invented by a Phillips Petroleum 
Co. man. 

The device, shown in Fig. 2, is thread- 
ed at 7 for attachment to the flexible line 
or pipe from which the fluid is to be 
taken. The smooth surface 6 of nozzle 


ZO 


Fig. 1—Sketch of typical boiler with hot secondary air supply apparatus installed. 
Air passes from orifices 17 over fuel bed 5 
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16 fits snugly in the cylinder to be filled. 
Operator grips handle 4 and presses but- 
ton 8, opening valve 11, which is made 
preferably of natural or synthetic rubber. 

U. S. 2,406,914, issued Sept. 3, 1946, 
to C. F. Sievers, assignor to Phillips 
Petroleum Co. 














Fig. 2—Dispensing nozzle & valve (U. S. 
2,406,914) for transfer of fluids under 
pressure. Pressure of thumb on button 
8 opens natural or synthetic rubber 
valve ll. Fluid pressure prevents leaks 


Gage Hole Cover and Vapor Line 
Connector for Tanks Combined 


A combination gage hole cover and 
vapor line connector was patented re- 
cently for use on tanks for storing vapor- 
izable liquids. 

As shown in Fig. 3’the tank vent or 
gage hole C is connected with the vapor 
line D by means of the oblong box B’ 
containing a sealing liquid X. The mov- 
able cover A’ for the box B’ is normally 
left in the position shown by the un- 
broken lines thus providing a sealed pas- 
sage for vapor from the tank to the 
vapor line. For gaging or sampling of 
the liquid in the tank, the cover A’ is 
moved to the position denoted by the 
broken lines, providing a direct access to 
the tank interior, and simultaneously 
maintaining a seal on the vapor line. 

U. S. 2,406,521, issued Aug. 27, 1946, 
to John H. Wiggins. 











Fig. 3—Gage hole cover and vapor line 


* connector (U. S. 2,406,521). When cover 


is in position denoted by unbroken 

lines, storage tank is sealed; when in 

position of broken lines, vent is open 
for gaging or sampling 


Water Clarifier Effectively 
Removes Coagulated Floc 


A water clarifier using a coagulant 
provides a relatively simple and easily 
constructed system whereby floc forma- 
tion and removal are effectively accom- 
plished and a well-clarified effluent is 
secured. 

Shown in Fig. 4, the clarifier consists 
of a vertical cylindrical tank 1. Water 
enters at 9 picking up the coagulating 
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agent at 10 and passes th:ough the down- 
comer 4 which flares out conical frusta 6 
and 7. Electrical motor 12 rotates shaft 
i6 and paddles 19 which are designed so 
as to pus) the flow out from under the 
cone 7 and into the inner conical cylin- 
drical tank 20. From this point the flow is 
inidicaced by the arrows; clear effluent 
passing out through trouzh 34 and draw 
off 36. As the floc forms and gathers in 
the corners cf the inner and outer tanks, 
it is removed via collector rings 21 and 
27. 

U. S. 2,407,947, issued Sept. 17, 1946, 
to Alfred Butcher, assignor to Gulf Oil 
Corp. 


Rigidity Provided in Improved 
Coupling for Threadless Pipe 


Sx. 
inp 1 : 






przez er 


Fig. 5—Cross sectional view of rigid 
pipe coupling (U. S. 2,396,163). Thread- 
less end of pipe held secure in tapered 
flange which fits into flanged opening 
in coupling and is held in place by nut 


A pipe coupling which insures rigid 
connections for high pressure lines and 
those subjected to vibrations is disclosed 
by a Chicago inventor. 

As shown in Fig 5, the threadless ends 
of the pipe 13 are secured in the coupling 
10 by a tapered sleeve or bushing 12 
surrounding the pipe end and engaging 
an opening 11 in the coupling which is 
similarly tapered and into which it is 
forced by means of a flanged nut 15. 

U. S, 2,396,163, issued March 5, 1946, 
to Charles A. Dies, Chicago, IIl., and now 
available for licensing. 
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t 
Fig. 6—Fractionator with controlled and 
uniform reflux by means of internal con- 
denser (U. S. 2,406,375). Product with- 
drawal via valve 36; condenser at 21: 
packing at 17 
Fig. 4—Water clarifier (U. S. 


2,407,947) designed for effective 
removal of floc and efficient clari- 
fication of the water 


SA 
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Uniform Flow Controlled in 
Column with Internal Reflux 


A packed fractionating column with 
internal reflux condenser and means for 
uniform production and distribution of 
reflux at a controlled rate is claimed in 
this invention. 

Internal condenser 21 in Fig. 6 is 
cooled by water flowing in through line 
31 from controlling condenser 28. Con- 
trol is by means of either vacuum or 
pressure on condenser 28 through use of 
steam injector 32. Downcomers 24 spaced 
as shown in cross sectional view provide 
uniformity of flow of reflux over pack- 
ing 14. Product is taken off as a vapor 
through ports 34 of collector ring 33. 
Rate of take off is controlled by valve 36. 

U. S. 2,406,375, issued Aug. 27, 1946, 
to William N. Hoyte, assignor to Foster 
Wheeler Corp. 
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compounding “Premium” motor oils as define 
by the American Petroleum Institute . . . It is 
completely compatible with all known base 
stocks and furnishes optimum protection 
against bearing corrosion and oil oxidation. 
Bearings are protected both by stabilizing 
the oil and by an apparent deactivation of 
the metal bearing surface, rather than by 
coating the bearing surfaces with a protec- 
tive chemical layer. This phenomenon is 
demonstrated by the preservation of the 
natural color of the bearing metal. 

By improving oil stability, Santolube 395 
minimizes engine sludge, varnish and lacquer 
formations as well as oil thickening and acid- 
ity. While not presented as a detergent, it 
does impart some degree of dispersancy to 
the oil, and also provides a measurable 
lowering of the A.S.T.M. pour point. Its out- 


standing use, therefore, is in the economical 


1946 









rior engine oils for pas- 





moderate bus service. 

for technical information, send for Bulletin 
0-43. Write MONSANTO CHEMICAL COM- 
PANY, Petroleum Chemicals Division, 1700 
South Second Street, St. Louis 4, Missouri, or 
contact the nearest Monsanto Office .. . 
District Offices: New York, Chicago, Boston, 
Detroit, Charlotte, Birmingham, Los Angeles, 
San Francisco, Cincinnati, Montreal, Toronto. 
*Reg. U. S. Pat. Off. 
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SERVING INDUSTRY...WHICH SERVES MANKIND 
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in water conditioning 


Economy of operation is a major consideration 
in the design of a Graver water conditioning 
installation. Based on an analysis of the water 
supply and a thorough understanding of the 
jcb the equipment must do, a Graver design 
provides, in every instance, an installation 

to meet your specific needs . . . to meet 


them economically and efficiently. 


Offering a complete service, Graver fabricates 
all major components of every installation 
(including tanks) in modern well equipped 
shops .. . and maintains trained crews to 


handle the erection of the equipment in the field. 


For information on Graver Water 
Conditioning Equipment, designed for 


economy in your plant, write: 


GRAVER TANK & MFG. CO., INC. 


4809-53 Tod Avenue -« East Chicago, Indiana 


NEW YORK « PHILADELPHIA «+ PITTSBURGH « CHICAGO 
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A Graver fully automatic zeolite water softener 
installation now in service for prominent oil com- 1 


pany ...an example of design for economy at work. 
A double unit softener is shown, each unit having a 
capacity of 225,000 gallons between regenerations. 
The water is softened to zero hardness and the flow 
rate through each unit is 140 gallons per minute, 
The controls and valves for fully automatic oper- 
ation are shown in detail. Automatic control con- 
tributes measurably to the economy of operation. 


Process Equipment Division 


RIA ERE 


e CATASAUQUA, PA. « HOUSTON, TEX. ¢« SAND SPRINGS, OKLA. 











PETROLEUM ProcEssINc, December, 1946 











NAPHTHA POLYFORMING 


AN 





PAPER 


Flexibility and Simplicity of Operation Improved 
for Thermal Process which Converts Naphthas and 
Gases Simultaneously into High-Octane Gasoline 


By W. C. OFFUTT, P. OSTERGAARD, M. C. FOGLE and H. BEUTHER 


The polyform process for upgrading naphthas and low octane straight- 
run gasoline offers two advantages for the refiner today: 


1—Attractive yields of 75-80 ASTM (84-93 Research) gasoline without 


leading; 


2—Flexibility of operation which permits either production of maxi- 
mum yield of Polyform gasoline, or maximum production of a butane- 
butene fraction rich in olefins, in addition to a good yield of debutanized 


gasoline. 


The process is described briefly and a discussion given of some of the 
reactions which occur in the Polyform furnace which are shown to be of the 


thermal alkylation type rather than polymerization. 


Data is presented on 


the effects of the operating variables and properties of the naphtha charge 


upon yields and product quality. 


A nomograph is presented for predicting the relationship of yield and 
ASTM octane number of Polyform distillates from the characterization factor 
and octane number of the naphtha charge. 


T= naphtha Polyform process is a 
thermal process by which the straight- 
run low octane gasolines or heavier frac- 
tions of the straight-run gasolines can be 
converted, with a high yield, to gasolines 
comparable in antiknock value with gaso- 
line produced from catalytic cracking of 
gas oils. It differs from straight thermal 
reforming of gasolines and naphthas in 
that the oil to be cracked is diluted with 
a recycle liquefied gaseous fraction, which 
permits more severe cracking of the 
naphtha, without undue coke deposition 
in the cracking coil, than it is possible to 
obtain in thermal reforming. 
Concurrently with the cracking of the 
naphtha, the recycle gas (which consists 
primarily of C, fractions, with smaller 
percentages of C, and C, fractions in- 
cluded) is partially cracked. Part of the 
unconverted recycle gas, products from 
cracking the recycle gas, and products 
from cracking the naphtha interact with 
each other to form high octane hydro- 
carbons within the gasoline boiling range 
by thermal alkylation, thermal polymeriz- 
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ation, and other reactions—as illustrated 
by examples later in the text. 

The increasing octane requirements of 
present and future motor gasolines of up 
to 85 Research octane number for house- 
brand gasoline and 95 Research octane 
number for premium gasoline can, for 
many refiners, be met by polyforming 
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their straight-run gasolines or naphthas. 
This process is, therefore, of consider- 
able interest to the refinery industry. Be- 
cause no formal presentation of naphtha 
polyforming has been made since Novem- 
ber, 1940‘), this paper has been pre- 
pared to summarize the recent develop- 
ments and to present the petroleum 
process engineer with sufficient data to 
estimate accurately the yields and prod- 
uct quality obtainable from polyforming 
a wide range of straight-run gasolines 
and _ naphthas. 

Fig. 1 is a schematic flow diagram of 
a typical naphtha Polyform operation. 
Naphtha is charged to the top of a high- 
pressure absorber in which it absorbs a 
recycle gas consisting of small concentra- 
tions of C, hydrocarbons, virtually all C, 
hydrocarbons, and the butane-butene in 
excess of that used to maintain the de- 
sired vapor pressure of the Polyform 
gasoline. 

The absorber operation is controlled 
for maximum retention of C, and C, hy- 
drocarbons, which usually results in a gas- 
enriched naphtha consisting of about 
equal volumes of naphtha and absorbed 
gases. 

This mixture is preheated and charged 
to the Polyform furnace. The furnace is 
normally operated at outlet temperatures 
in the range of 1025° F. to 1125° F. and 
at pressures of 1000 to 2000 psig. The 
coil effluent is quenched with a gas oil 
or tar stream from the separator and is 
subsequently flashed into the separator. 
The separator overhead is passed to the 
stabilizer where the gasoline distillate is 
stabilized, and the remaining gases, con- 
sisting of gases made in the processs and 
recycle gases, enter the base of the ab- 
sorber. 

The gasoline may be stabilized in 
either of two ways: (1) to produce maxi- 
mum gasoline by controlling the volatility 
to approximately 10 RVP and recycling 
excess C, hydrecarbons, or (2) to pro- 


(1)—“The Naphtha Polyform and Gas Rever- 
sion Processes” by J E. Bogk, P. Ostergaard, 
and E. R. Smoley, A.P.I. Meeting, November, 
1940. 
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Fig. 1—Schematic flow sheet for naph- 
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TABLE 1—Propane Cracking at Naph- 
tha Polyforming Conditions 


Furnace Outlet Temp., °F.. 1080 1100 
Furnace Pressure, Psi... 1500 1500 
Total Conversion of Propane, 

Vol. % . : tape 15 5.8 
Conversion to Pentane and 

Heavier, Vol. % pears Trace 1.5 


duce a maximum yield to butane-butene 
containing a high concentration of olefins, 
for alkylation or other purposes. The lat- 
ter method is accomplished by depropan- 
izing the gasoline in the stabilizer and re- 
cycling a minimum quantity of C, hydro- 
carbons. Essentially all the C, and C, 





TABLE 2—Propane Cracking at Higher Severities 


Furnace Outlet Temp., °F. 
Furnace Pressure, Psi. 
Conversion of Cs, vol. % 
Yields, Vol. % of charge 
Hexanes and Heavier (0.0% in charge) 
Pentanes (0.0% in charge) 
Butanes (3.6% in charge) 
Propane (92.7% in charge) 
Gas (Cy and Lighter), F.O.E. 
Total 


Octane Number of Debutanized Distillate, A.S.T.M. 


1040 1060 1080 1100 
2000 2000 2000 2000 
5.6 13.5 19.9 30.8 


0.9 2.4 2.8 5.2 
2.3 3.1 4.0 3.5 
5.4 3.6 5.2 5.3 
82.7 79.3 72.9 62.0 
3.8 5.2 7.2 11.6 


95.1 93.6 91.7 87.6 
79.0 78.2 78.5 79.8 


Yield of Debut. Gasoline Based on Converted Propane 57 41 34 28 


Unsaturation of C; Cut, Mol. % 


8.7 15.9 15.0 20.0 


liydrocarbons in the stabilizer outlet gases 
are absorbed by the fresh naphtha charge 
and recycled through the cracking coil. 

Fig. 2 shows the flow sheet of a comr 
mercial naphtha Polyform unit. Separat- 
ing and fractionating equipment is oper- 
ated at pressures which enable cooling 
water at ordinary temperatures to be 
used for condensation, usually from 300 
to 400 psig. No compression or refrigera- 
tion is necessary for the absorption of 
recycle gases. 
Polyform Reactions 

To explain the chemistry of the Poly- 
form process, or the thermal conversion 
of naphtha and C, and excess C, hydro- 
carbons made from cracking of the naph- 
tha to high-octane gasoline, the following 
data are presented from once-through 
thermal conversion experiments. These 
experiments include thermal conversion 
of propane, propylene, propane-propy- 
lene mixtures, and propane-naphtha mix- 
tures. Table 1 shows data from charging 
propane to a cracking coil operated under 
normal naphtha polyforming conditions. 
The conversion of propane was extreme- 
ly low, ranging from 1.5 to 5.8 vol % 
conversion, 

A second series of runs was made at 
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Fig. 3—Analytical distillation of prod- 
uct from propane-propylene cracking 





Fig. 2—Flow sheet of a commercial 
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UNDIVIDED RESPONSIBILITY 





_ a single contract, Arthur G. McKee & Company are designing and building the 


following projects for Petroleos Mexicanos: 


40,000 barrel refinery at Atzcapotzalco. 
65,000 barrel crude stabilization plant and75,000,000 cubic foot absorption plant at Poza Rica. 


Doubling of crude oil pumping facilities from Poza Rica to Mexico City. 


This is an example of the McKee method of Undivided Responsibility in one Organization. 


Arthur G. Mckee & Company 


* Engines and Contacts * 


2300 CHESTER AVENUE + CLEVELAND, OHIO 
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TABLE 3—Cracking Propane-Propylene 


at Naphtha Polyforming Conditions 


(Charge Contains 20% Propylene) 


Furnace Outlet Temp., ‘F................. 1080 1100 
Furnace Pressure, Psi. 1500 1500 
Conversion, vol. % on charge .............. 21.1 29.4 
Yields, vol. % on charge 
Hexanes and Heavier 9.4 12.8 
EY oc bs wnbawhen eee ete aeeeser 2.6 3.1 
EET COCLE TR OEE COTTE CUT TET Se 5.9 5.3 
Propane i, saci dn 16 tates sep anlol ci it ue aoe 71.8 65.5 
Gas (Cz and Lighter)................. 2.3 3.2 
Total oP ete bch Rea RON 92.0 89.9 
ASTM Octane Number of Debutanized Product 78.2 82.0 
Unsaturation of C; Cut, Mol. % 29 30 
Uncon- Amt. Uncon- Amt. 
Chg. verted Reacted Chg. verted Reacted 
Propane, vol. % on charge................. 71.2 59.0 12.2 75.6 57.1 18.5 
Propylene, vol. % on charge -- 21.6 12.8 8.8 19.2 8.4 10.8 





TABLE 4—Cracking Propane Alone and in the Presence of Naphtha 


Furnace Outlet Temp., °F. . 


Furnace Pressure, Psi. 


Furnace Volume ers ee ree 
Characterization Factor (K) of Naphtha Charge 
ASTM Octane No. of Debut. Disi. 

Yield of Debut. Dist./pass from Propane... 
No. of Passes Required to Crack Gas 





Propane +- Propane +- 
Eastern Pennsy. 
Propane Venezuela Mid-Cont. 
Alone Naphtha Naphtha 
ee’ 1100 1100 1090 
; .. 1500 1500 1500 
mathe we Same 
omen 11.65 11.98 
78 78 78 
1.5 44 5.8 
side ith 16.5 6.25 4.0 





higher severity level by increasing the 
furnace volume and pressure. Table 2 
summarizes these results. It is of particu- 
lar interest to note that the yield of the 
C,; fraction in the debutanized product 
was large, varying from 40 to 70%, and 
that this fraction contained mostly satu- 
rated hydrocarbons. These results indi- 
cate that one of the predominant sets of 
reactions is the cracking of propane to 
ethylene and subsequent alkylation of 
the ethylene with unconverted propane. 
The high degree of saturation of the C; 
fraction suggests that the alkylation type 
of reactions took place more readily than 
polymerization. 

The thermal alkylation type of reac- 
tion was further substantiated when a 
propane-propylene mixture was charged 
to the cracking coil at naphtha polyform- 
ing conditions. Table 3 summarizes two 
runs made at typical Polyform conditions 
of time, temperature, and pressure. The 
debutanized product from these cracking 
runs was predominantly C,, as is shown 
in the analytical distillation in Fig. 3. 
This Cy fraction was only 30% unsatu- 
rated. Alkylation reactions were again 
shown to be predominant over polymeriz- 
ation reactions, since more propane was 
converted than propylene. 

Another series of experimental runs 
demonstrates that thermal alkylation re- 
actions also occur during the thermal con- 
version of hydrocarbon gases in the pres- 
ence of naphtha, as shown in Table 4. 
This table shows that 1.5 vol % yield of 
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debutanized distillate was obtained by 
thermal conversion of propane by itself 
and 44.4 to 5.8 vol % was obtained from 
cracking of propane in the presence of 
naphtha at essentially the same tempera- 
ture, pressure, and furnace volume. It 
may be observed that the presence of 
naphtha in the cracking coil, like the 
presence of propylene, greatly increased 
the conversion of propane at polyforming 
conditions. Tables 1, 2, 3, and 4 are pre- 


sented to illustrate some of the mech- 
anisms that take place during the Poly- 
form cycle and are not suitable for cal- 
culating yields from gas conversion. 
Other papers (2, 3) will be presented 
which will supply process yields from the 
various gases circulated in the Polyform 
cycle. The foregoing data, however, dem- 
onstrate that there are alkylation, polym- 
erization, and other, more complex, addi- 
tion-type reactions taking place in the 
naphtha Polyform furnace, and that the 
paraffinic hydrocarbons in the gas cycle, 
as well as the olefins, are converted ex- 
tensively in the Polyform process. 


Yield-Octane Relationship 


Gasoline yields from naphtha polyform- 
ing depend upon the charge stock, the 
furnace pressure, the furnace tempera- 
ture, and the reaction time. The yield of 
gasoline distillate from a given naphtha 
is decreased, and its antiknock quality is 
increased, by increasing either tempera- 
ture or time. High furnace outlet tem- 
peratures, normally 1050° F. to 1100° F., 
and thus a high level of cracking severity, 
are permitted by the presence of the cycle 
gas in the naphtha polyforming operation. 

The cycle gas allows more severe crack- 
ing of naphtha by lowering the average 
molecular weight of the furnace charge, 
and it also minimizes tar and coke forma- 
tion by its interreaction with many of the 
olefins produced, some of which would 
otherwise undergo polymerization to form 
tar and coke. It is this characteristic of 
polyforming which permits refinery units 
to crack naphthas severely over long 
seriods of time for the production of 
distillates having high ASTM octane num- 


(2)—“‘Naphtha Polyforming with Outside 
Gas” by W. C. Offutt, P. Ostergaard, M. C. 
Fogle, and H. Beuther. (See pg. 278 this issue.) 

(3)—“‘Correlation of Operating Variables in 
the Polyform Process” by J. H. Hirsch, P. Oster- 
gaard, and W. C. Offutt. (To be published in 
later issue of Petroleum Processing.) 
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Fig. 4—Polyforming various types of naphtha, showing gasoline yield versus ASTM 
method octane number 
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r TABLE 5—Polyform Data from Operations on Three Different Naphthas TABLE 6—Polyforming Eastern Vene- 
Rodessa Mixed-Base _— Califor. zuela Naphtha (Effect of Pressure) 
Naphtha Charge Naphtha Naphtha Naphtha 
I I og ii iin acute casubucedenss ne nin 57.1 52.4 52.9 Furnace Pressure, Psi....... 1000 1500 2000 
I ee aie 2 8 2 ASTM Octane Number. . 76.0 76.0 76.0 
PE 6 oar os so ean kccel ab eee coda eens 146 124 116 Yields, volume % 
I I a i ern a a cas cee wave) ale ce brush Sema aon 0.023 0.08 0.02 Gasoline (10 RVP, 400°F 
ASTM Distillation (Deg F) __ eaiaanaigimaiateesn ' 83.5 87.8 88.9 
My MII no nc ccc ed dcis cle vebieowcacdexs 220 165 160 Gas (Cz, and Lighter), FOE 11.8 8.1 6.5 
I fac wt ccs Ms ar ans © bong a eli oewia ela 254 246 211 Tar 43 41 52 
II I ooo Su ware pie nvinie was oa. p Awa ere 302 300 Se re rer eee , ‘ ‘ 
IIE oo"). VS waa pruinia Sis ts brie WS cleo ee wk 350 360 344 
I tn RAs ag Peed hers ae a eed ee 396 410 397 
Cee TO GP on a a cng ccc cewecavcacewsvenes 12.18 11.84 11.68 ; 
Aromatics, per cent by volume _.......................... 4.9 6.4 bers and excellent research octane sensi- 
iM 0.0 0.0 tivity. The conversion to gasoline of both 
DE Cub ékasccnivalotatraranscredseeness 0.6 1.2 olefins and paraffins in the C, and Cy, 
POD oon ease cnn ecenssrsnvasscvonssestrecces 1.8 $0 fractions produced from the naphtha 
__ 9-carbon aromatics .......... 2.5 — cracking is another feature of polyform- 
ASTM Octane No. . iam, 3 ‘ eee ‘eld f 
Without addition of TEL 23.9 46.5 58.3 — Me ‘“ eee sanepenteer-* ities 
With addition of 1 ml TEL......................... 36.5 52.4 69.7 gasoline of high octane quality. 
With addition of 3 ml TEL ......................... 53.7 62.4 76.6 Fig. 4 is a plot of gasoline yield versus 
Research Octane No. ASTM octane number for several differ- 
ane, nition Se ars ne eeA Ce eae 47.9 = ent types of naphthas ranging from a 
ee ees es 32.7 54.4 1.8 : : = 
With addition of 8 ml TEL .................~....... 51.4 64.2 79.1 highly paraffinic Rodessa naphtha to a 
. ore naphthenic California naphtha. These 
Operating Conditions lj ‘eld lotted niet 
Furnace-outlet temperature, deg F................... 1,100 1,080 1,090 — a ee we P ™ ” ‘om 
Furnace pressure, psi ....... os ie ekoig hs eee enna oieia 1,500 1,500 1,500 research octane numbers in Fig. 5. Lab- 
Gas dilution, per cent by volume of naphtha charge 101 101 100 oratory inspections of these naphthas, to- 
Yields, Per Cent by Volume of Naphtha Charge gether with yields and operating condi- 
10-lb Reid vapor-pressure gasoline ........ 67.2 83.5 83.9 tions for a typical run on each stock, are 
Propane-propylene .... nT iy heer rere 7.9 11.2 1 10.2 en : , 
Gas (C, and lighter), fuel-oil equivalent 16.3 } J on Table 5. 
ND tata oa eg ncaa ca ig bes ean eee 6.6 4.4 3.8 
; - ig am aah , i ; ba rapes 3 ae i - 98.0 99.1 97.9 Yield Is a Function 
nspe ons 0 tabilize asoline e1 apor Frressure 
MOE sk, cn uccvudcedwanweewtaus 55.5 55.8 53.5 Of Increased Octane Number 
IRENE i icles ee J a eh ty ee tel male tea 141 88 89 . ‘ 
pe EG OR ETA SR ICED AOI 69 72 74 The yield from polyforming naphthas 
Bromine No. eR RE PPP ae 60 has proved to be a function of the in- 
Sulfur, per ee cathe: ale ome ae ete ace cate ie 0.01 0.02 crease in octane number of the poly- 
ASTM Foe Deg F (D86-40) formed distillate over that of the naphtha 
Rt I icc arras witaas a we baat won iw ie wan Sa osc 92 87 94 J " he naph- 
ee | er rarer ere ny are er ame 134 129 144 charge. The bese-cnnage —— hed ye J 
IN I i 5ciy 9. or eae 5 W'S Rion aw wo waar aiera se 243 243 238 tha charge varles with the 301 ing range 
OS a Rien STE eke ee 342 342 349 of the naphtha and with its chemical com- 
End point TITTIES TTT TTT TT TCC CTT TT ee 406 400 413 position, as represented by the charac- 
Aromatics, Per Cent by Volume ...................... 15.1 13.9 terization factor. Naphtha polyforming 
Ee EO EN ITT A Te ae a oe ane or A et 1.6 0.7 charge stocks vary from 0 to 70 octane 
DE | 6. wees cte deme eens yeahs ee he Ooees 5.0 3.8 Ps i 
ENE ate ak oh Ee Oc ad than Bh eae ee 7.0 5.5 number, depending upon the boiling 
Q-carbom aromatics ... 1.0.6... cece cece ccc cccccee 1.5 3.9 range and relative paraffinicity of the 
ASTM Octane No, naphtha. Thus, the octane improvement 
ee 77.8 76.5 78.2 required to produce a certain octane 
With addition “£2 4 rc nr ee rina 82.8 81.0 83.5 number gasoline from naphtha varies 
4 port sca Say MIN a oe ase. 5 1Bta elie an aaa aea ora 85.1 83.8 85.9 over a wide range. The stocks with high 
aa reperthea 4 _— on _ as initial octane numbers and low charac- 
ithout adaition o Eee a Oe Og ee ae eS OO ROe Oa e . e . . * ali- 
rey ee Oe ON PE. ois bsarwe'e keivic wee esa we ee 93.8 92.6 94.3 terization factors, moe typified by the Cali 
With addition of 8 ml TEL .... ................ 96.6 94.7 96.9 fornia naphtha in Fig. 4, suffer small loss 


in yield when polyformed to ASTM oc- 
tane numbers in the range of 76 to 80. 
Low octane naphthas incur somewhat 
greater losses when polyforming to 76 or 
higher octane numbers, as shown by the 
Rodessa naphtha in Fig. 4. 

A useful correlation has been devel- 
oped relating the yield and the octane 
improvement from naphtha polyforming 
to the characterization factor and ASTM 
octane number of the naphtha charge. 
The correlation in the form of a nomo- 
graph, shown in Fig. 6, makes it pos- 
sible to calculate quickly the yield cor- 
responding to a given octane number of 
Polyform distillate by knowing the orig- 


Fig. 5—Polyforming various types of 
naphtha, showing gasoline yield versus 
Research method octane number 
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TABLE 7—Properties of Various Percentages of Straight-Run Gasoline and 


Naphthas from Eastern Venezuela Crude 


Total 
Percentage Gaso. Gaso. 
On Crude 28.5 23.5 
Gravity, °API 60.5 64.6 
Aniline Point, °F. 120 121 
Acid Heat, °F. 3 4 
Sulfur, % 0.01 0.01 
ASTM Dist. °F. 
Overpoint 101 94 
Endpoint 412 298 
10% 158 136 
50% 240 205 
90% 342 270 
Octane Number 59.9 64.3 


St.Run Naphtha 


23.5 to 
28.5 


45.7 
126 
3 
0.05 
318 
465 
329 
349 
409 
40.9 


St. Run 
Gaso. 
18.5 
68.5 
124 
5 
0.01 


90 
270 
128 
185 
242 

67.0 


Naphtha 
18.5 to 
28.5 


47.9 

136 
2 
0.03 


266 
431 
290 
311 
372 
47.3 


St. Run 
Gaso. 
13.5 


72.8 
127 
7 
0.01 


85 
248 
119 
172 
213 

71.1 


Naphtha 
13.5 to 
28.5 


50.8 
116 


2 
0.01 


230 
412 
258 
286 
358 
49.7 





TABLE 8—Polyforming of Eastern Venezuela Naphthas 
(Effect of Boiling Range) 


Source of Polyformed Distillate 


Heavy Naphtha Intermed. Naphtha 


(5% on Crude) (10% on Crude) 


Light Naphtha 
(15% on Crude) 








Yield of Polyformed Distillate, vol. % on Naphtha 70 83.5 86.5 
Octane Number of Polyformed Distillate 
ASTM, clear 76 76 76 
ASTM, +3 cc. TEL 83.5 84.5 84.5 
Research, clear 87 86 87 
Research, +3 ce. TEL 95 95.5 95.5 
Blend Composition, vol. % 
Polyformed Distillate 13.0 30.8 49.4 
Straight-Run Gasoline 87.0 69.2 50.6 
Yield of Blend, vol. % on crude 27.0 26.9 26.5 
Yield of Blend, vol. % of full range gasoline 94.7 94.3 92.8 
Octane Number of Blend 
ASTM, clear 67.8 69.6 74.0 
ASTM, +3 cc. TEL 83.4 84.4 86.5 
Research, clear 70.1 73.6 80.1 
Research, +3 cc. TEL 86.6 88.7 92.0 
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Fig. 6—Nomograph for correlating distillate yield with octane improve- 
ment-naphtha Polyforming at 1500 psi 
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inal octane number and characterization 
factor of the charge. This chart was de- 
veloped for 1500 psi, polyforming opera- 
tions producing a 10 RVP gasoline distil- 
late. It is recommended only for straight- 
run naphthas which have 90% points be- 
low 400° F. 


The naphthas with octane numbers be- 
low 20 ASTM included in the correlation 
were obtained by determining the octane 
number of the naphtha with varying 
amounts of tetraethyl lead and extrapolat- 
ing to the clear octane number on a lead 
susceptibility chart. 


Effect of Pressure 


Pressure has ar appreciable effect on 
the yield-octane relationships obtained by 
naphtha polyforming. An increase in fur- 
nace coil outlet pressure from 1000 to 
1500 psi. results in a sizeable gain in 
yield for a given octane number (about 
4 vol %). A further increase in pressure 
from 1500 to 2000 psi. produces an ad- 
ditional increase in yield of only about 
one vol %. Yield-octane curves fcr three 
series of polyforming runs on a heavy 
Eastern Venezuela naphtha are shown in 
Fig. 7 for pressures of 1000, 1500, and 
2000 psi. Yields obtained when polyform- 
ing Eastern Venezuela naphtha at the 
various pressures to a constant ASTM oc- 
tane number are shown in Table 6. Thes« 
results are typical of the effect of pressure 
in naphtha polyforming. While the oper- 
ations at 2000 psi. produced the largest 
yield of gasoline of a given octane number, 
a study of differential investment costs 
indicates that 1500 psi, is near the opti- 
mum polyforming pressure. 

Increasing polyforming pressure causes 
a small decrease in the olefin content of 
the gasoline distillate, which tends to in- 
crease the lead susceptibility and to lower 
the spread between ASTM and research 
octane number of the gasoline. This ef- 


fect, however, is small in the range of 


pressures reported above. 


Effect of Boiling Range 
Of Naphtha Charge 


There is no general rule that can be 
used in selecting the portion of a straight- 
run gasoline which should be charged to 
a polyforming operation. Since the Poly- 
form process is well adapted to the han- 
dling of any naphtha fraction, it is en- 
tirely a problem of economics and octane 
blending requirements for the refinery 
operations in, question. Usually a light 
straight-run fraction, which is sufficiently 
high in quality for blending into the 
finished plant gasoline, is excluded from 
the polyforming charge, and the remain- 
ing heavy naphtha is polyformed to a 
desirable antiknock level. 


A comparison of the polyforming of 
three naphtha fractions representing 5, 
10, and 15% of Eastern Venezuela crude 
indicates the effect of boiling range of 
naphtha charge upon the yield and qual- 
ity of gasoline produced from the full 
PROCESSING, 
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THERMAL CRACKERS 


ra INITIAL RUNS 
* 
OF MORE THAN 20 DAYS: 


A long initial run is the forerunner of satisfactory 
performance in the long run. An engineering and 
construction organization whose projects are charac- 
terized by long initial runs is, therefore, a good one 
to build or modernize your refining facilities. 


Among the long initial runs which have charac- 
terized Lummus construction are those of six thermal 
cracking units. In chronological order, the initial 
runs on these units were 33, 35, 39, 49, 65 and 69 
days. In each instance the plant was shut down for 
inspection purposes only. 


The latest Lummus catalytic cracking plant ran 
240 days on its initial start-up before it was shut 
down for inspection. 


A reputation for long initial runs is only one index 
by which to judge Lummus engineering and construc- 
tion. Other indices are: experience—Lummus has built 
over 525 plants throughout the world; process devel- 


opment—Lummus pioneered the first commercial de- 
velopments of a number of processes now standard; 
research and development facilities —-Lummus has 
complete laboratory and pilot plants for refinery de- 
velopment, plus the broad experience required to 
prepare economic studies of proposed installations. 






THE LUMMUS COMPANY 
420 Lexington Avenue, New York 17, N.Y. 


LUMMUS: 


CHICAGO — 600 South Michigan Avenue, Chicago §, Ill. 
HOUSTON —Mellie Esperson Bldg., Houston 2, Texas 
LONDON —78 Mount Street, London, W.1, England 
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28.5% of gasoline originally present in 
the crude. Properties of the naphtha frac- 
tions and complementary | straight-run 
gasolines are shown in Table 7. Yield- 
octane relationships for polyforming of 
the three naphthas are plotted in Fig. 8 
and 9, showing ASTM and Research oc- 


tane numbers, respectively. The lighter, 
wider boiling naphthas produced higher 
yields of distillate of a given octane num- 
ber, because of the higher octane num- 
ber of the charge. Research sensitivity 
and lead response of the Polyform distil- 
late appeared to be independent of the 


Fig. 7—Polyforming Eastern Venezuela 
naphtha, showing effect of pressure 


boiling range of the naphtha charge. 


Blends of Polyform distillates from the 
three naphthas with their complementary 
straight-run gasolines resulted in the yield- 
octane relationships plotted in Figs. 10 
and 11, The advantage of polyforming 
the naphthas representing 10 or 15% of 
the crude is obvious, especially when the 
maximum overall octane level is consid- 
ered. The research method ratings are 
benefited particularly by polyforming the 
wider naphtha fractions. A comparison 
of yields and octane numbers of blends 
of the Polyform distillate and their com- 
plementary straight-run gasolines when 
polyforming each of the three naphthas 
to a constant octane number of 76 is 
shown in Table 8. This is a practical type 
of comparison which shows the substan- 
tial improvement in gasoline quality by 
increasing the volume of naphtha charged 
to the Polyform process. The decrease in 
yield based on crude was small. 


Table 9 demonstrates the effect upon 
the ASTM-Research spread for the over- 
all gasoline blend when broadening the 
naphtha charge boiling range. As the 
percentage of Polyform distillate in the 
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Fig. 8—Polyforming various boiling-range Eastern Vene- 
zuela naphtha cuts, showing gasoline yield versus ASTM 
octane number of Polyform distillate 
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Fig. 9—Polyforming various boiling-range Eastern Vene- 
zuela naphtha cuts, showing gasoline yield versus Research 
octane number of Polyform distillate 


273 
































Here's an entirely new conception 
of mechanical links and pivots. It 
offers several important advantages 
-—all of which contribute to the 
greater accuracy, stability, respon- 
siveness and accessibility of 
Foxboro’s M-40 Controller. 


The new, high precision ball link 
operates essentially like a universal 
joint, requiring no critical alignment 
of levers to insure free action with- 
out binding. Tubular construction 
gives it unusual rigidity, strength 
and lightness. New pinch-clip per- 
mits instant removal. 


Furthermore, this new type of link 
is made to the extremely close toler- 
ance of + .0002... another contribut- 
ing factor towards smoother opera- 
tion; free from lost motion, dead 





FOXBORO 


sine it nsw 








space, or sticking. It is rugged, and 
simple to install . . . snapped in or 
out of place easily, with positive as- 
surance that it will line up properly. 


This new exclusive link is one of 
the outstanding features of the 
Foxboro M-40 Controller. It helps to 
make possible the unique Perm- 
aligned construction which assures 
outstanding performance from 
every angle. 


To appreciate fully the radical 
advance in controller construction 
represented by this new instrument, 
send for Bulletin 381. It contains a 
complete but concise description of 
each M-40 improvement. Write The 
Foxboro Company, 56 Neponset 
Avenue, Foxboro, Mass., U. S. A. 
Branches in all principal cities. 







CONTROLLER 


construction _ 


PETROLEUM PROCESSING, December, 1946 














Naphtha Polyforming 








_anm 
ae 1 | 


| : | 
| \ | | 
74 + 4 , 




















7 








AS.7.M OCTANE NUMBER, CLEAR 
fn 











a 
@ 


N 


T 
5% ON GRUDE 


tL iinKk | 
tt LNAI 


68 90 92 94 96 98 100 
YIELO OF BLEND, VOLUME % 





























Fig. 10—Polyforming various boiling- 

range Eastern Venezuela naphtha cuts, 

showing ASTM octane number versus 

yield of blend of straight-run gasoline 
and Polyform distillate 


blend increases, the high research sensi- 
tivity of the Polyform gasoline becomes 
apparent. The Research ratings of Poly- 
form gasolines are a function of their 
ASTM octane numbers; the spread be- 
tween ASTM and Research ratings in- 
creases as the ASTM octane number be- 
comes higher. Polyform distillates having 
unleaded ASTM octane numbers of 76 
to 78 rate between 85 and 92 by the Re- 
search method, clear. 


Operating for Maximum 
Butane-Butene Production 


In many refinery operating schedules, 
it is desirable to produce a maximum 
yield of butane-butene for use in alkyla- 
tion or for other purposes. In such a case, 
the stabilizer of the Polyform unit is oper- 
ated as a depropanizer, and essentially all 
butane-butene is removed from the unit 
with the gasoline. The quantity of 





TABLE 9—ASTM—Research Octane 

Spread of Blends of Polyform Distil- 

late with Straight-Run Gasoline from 
Eastern Venezuela Naphtha 


Charge to Polyform Unit, 


vol. % of crude 5% 10% 15% 
Gasoline Yield (10 RVP, 400° 

F. EP), vol. % 92.0 92.0 92.0 
ASTM Octane Number 69.2 71.5 74.3 
Research Octane Number 71.4 75.5 80.8 
ASTM—Research Spread . 2.2 40 6.5 
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Fig. 11—Polyforming various boiling- 

range Eastern Venezuela naphtha cuts, 

showing Research octane number ver- 

sus yield of blend of straight-run gaso- 
line and Polyform distillate 
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Fig. 12—Polyforming an Eastern Vene- 
zuela naphtha for butane-butene pro- 
duction, showing butane-butene yields 
versus yield of debutanized distillate 


butane-butene in the recycle gas is main- 
tained at a minimum, the recycle gas 
stream consisting almost entirely of pro- 
pane and propylene. The amount of 
butane-butene that can be obtained from 
a Polyform operatio.. depends upon (1) 
the cracking severity, (2) the furnace 
pressure, and (3) the type of naphtha 
charged. The efficiency of the stabilizer 
affects the yield of butane-butene from 
a given operation. In a Polyform furnace, 
butane-butene is produced by cracking of 


the naphtha, and simultaneously con- 
sumed by previously mentioned alkyla- 
tion, polymerization, and other gas con- 
version reactions, 


At milder furnace operating conditions, 
an increase in cracking severity increases 
the production of butane-butene more 
rapidly than the reactions consuming 
butane-butene. The net yield of butane- 
butene becomes larger with increasing 
cracking severity until a point is reached 
where the conversion of C, hydrocarbons 
in the high temperature section of the 
cracking coil exceeds the production of 
butane-butene from the naphtha. Higher 
cracking severities result in a decrease in 
the yield of butane-butene. The point 
of maximum butane-butene production 
varies somewhat from one naphtha to 
another, but usually occurs in the range 
of operating conditions producing the 
highest octane distillates within commer- 
cially economic yields. 


This is illustrated by Fig. 12, which 
shows the yields of butane-butene plotted 
against yield of debutanized distillate 
from a series of runs of increasing severity, 
polyforming 48.2° API Eastern Venezuela 
naphtha. The peak yield of butane-butene 
in these runs was 12.5 vol %, and it oc- 
curred at a furnace outlet temperature of 
1090° F. when producing a debutanized 
distillate having an ASTM octane num- 
ber of 79. The unsaturation of the C, 
cuts remained nearly constant at about 
55% throughout the commercial severity 
range until the butane-butene yield 
passed its maximum. Yield trends of the 
separate C, hydrocarbons are shown in 
Fig. 12. 

Higher yields of butane-butene were 
produced at a polyforming pressure of 
1500 psi. than at either 400 or 2000 psi. 
Table 10 gives the total yield of butane- 
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Fig. 13—Relationship between lead re- 

sponse, ASTM octane number and 

charge at 50% point for 10 RVP Poly- 
formed distillates 
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A.S.T.M. OCTANE NO. RESEARCH OCTANE NO. 
100 % POLYFORM DISTILLATE 76.6 89.3 
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Fig. 14—Octane requirements of a group of late model cars: Road performance 

of several unleaded blends of 58.8 ASTM octane number straight-run gasoline 

with a 76.6 ASTM octane number Polyform distillate from Pennsylvania Mid- 
continent naphtha 


butene obtained from polyforming opera- 
tions producing debutanized distillate 
having a constant motor method octane 
number of 75 at pressures of 400, 1500, 
and 2000 psi. While the operation at 
1500 psi. produced the largest yield of 
butane-butene, the unsaturation of the 
C, cut appeared to increase with de- 
creasing pressure. 


The type of naphtha charge affects 
not only the yield of butane-butene pro- 
duced with a distillate of a given octane 
number, but it also determines the maxi- 





Reprints 


Reprints of any articles appearing 
in PerroLeum Processinc ordinarily 
are made only on order. Because 
present conditions prevent our hold- 
ing the type after an issue is pub- 








mum yield of butane-butene that may be 
obtained by varying the polyforming con- 
ditions. Table 11 indicates that the more 
paraffinic naphthas produce greater yields 


of butane-butere for a given motor meth- 
od cctane number. 


Lead Susceptibility 


The lead response for Polyform dis- 
tillate has been summarized in a chart 
(Fig. 13) relating lead response with 
ASTM octane number of the Polyform 
distillate and 50% point of the naphtha 
charge. The chart is limited to Polyform 
distillate obtained from naphthas with 
characterization factors ranging from 11.6 
to 12.0 and with sulfur contents up to 
0.05 weight per cent. 


Road Performance 


The road performance of gasolines from 
naphtha polyforming is as attractive as 
the laboratory ratings. A road octane 
number versus engine speed curve for a 
typical Polyform gasoline of 76.6 ASTM 
and 89.3 Research octane number is 
shown in Fig, 14, Fig. 14 is a grid de- 
veloped from actual road octane require- 
ments, at different engine speeds, of a 
group of late model cars (1940 to 1942 
models) trom a hilly locality. The broken 
curves show the road octane require- 
ment which satistied 25, 50, 75, and 95% 
of the cars over the full range of engine 
speeds. The solid lines show the road 
octane versus engine speed performance 
of the unleaded Polyform gasoline and 
of blends of the Polyform gasoline with 
a 58.8 ASTM octane number straight- 
run gasoline. 


It should be noted that the unleaded 
Polyform gasolines satisfy the road oc- 
tane requirements of approximately 95% 
of the cars through the entire speed 
range. The road octane curves for the 
blends shew the good blending proper- 
ties of the Polyform gasoline. 





TABLE 10—Polyforming Pennsylvania-Mid Continent Naphtha for Maximum 
Butane-Butene Production (Effect of Pressure) 


Pressure, psi eter a 
Debutanized Distillate 

ASTM Octane Number .. 

Yield, vol. % 
Butane-Butene 

Yield, vol. % 


Unsaturation, mol % .. 





* 200% Gas dilution used. 


400° 1500 2000 

7 75 75 

ore 66.5 64.7 64.4 
ahve acs 13.0 16.7 14.1 
68 62 55 





TABLE 11—Naphtha Polyforming for Butane-Butene Production 





lished, inquiries for quantity re- (Effect of Type of Naphtha) 

prints should be forwarded promptly Eastern Desulf. Pennsy. 

after receipt of the issue, by tele- Venezuela W.Texas Mid-Cont. 

gram if possible. Reprints ordered Debutanized Distillate 

after the type has been broken down ASTM Octane Number............... 75 75 75 

have to carry the additional cost of Yield, vol. % .. 84.0 73.7 - 64.7 

resetting the article. Butane-Butene 

Should you desire an article re- pa = ” “ie _ "a ye 

rinted for ou, lease oO nsaturation, mo 7” «x cochetoces ‘ 

ir booed P rder the Characterization Factor of Naphtha Charge... 11.65 11.75 11.98 
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POLYFORMING with OUTSIDE GAS 


AN 


cenataenthe teem imar aa | 


Charging of Excess Refinery Gases with Naphthas 
To Polyforming Improves Flexibility of Operation, 


Provides Efficient Utilization of Light Hydrocarbons 


By W. C. OFFUTT, P. OSTERGAARD, M. C. FOGLE, and H. BEUTHER 


The conversion of outside refinery gases simultaneously with naphtha 
in the Polyforming operation provides the refiner a means for increasing 
the production of high-quality motor fuel or for maximum yield of highly 
unsaturated butane-butenes, as required in over-all plant operations. The 
outside gas if liquefied is charged directly into the rich naphtha stream, 
if gaseous it is introduced into the absorber. 


Comprehensive studies of naphtha Polyform operations charging out- 
side gases are presented for the first time. The effects of varying amounts 
and compositions of outside gas charge are discussd with respect to yields 
and quality of products from a wide range of naphtha charge stocks. 


The distillate produced in Polyforming is well balanced in volatility 


and can be used as a major constituent of finished motor fuel. 


Octane 


numbers vary between 75 and 80 ASTM, unleaded, and 84 to 93 Research, 
unleaded, depending upon nature of the charge and severity of cracking. 


T HE practice of converting excess re- 


finery gases to attractive yields of 


high ASTM and research rating motor 
fuels has been used for a long time 
in commercial application of the Poly- 
form process, Quantitative data which 
indicated the general utility and desir- 
ability of this method of operation were, 
until recently, limited mostly to specific 
refinery operations. Results of com- 
prehensive polyforming studies are now 
available and are presented here to dem- 
onstrate the yields of high quality gaso- 
line which can be realized from various 
individual hydrocarbon gases. 


These data, together with the simpli- 
fied yield-octane correlation presented 
in the previous article in this issue, 
“Naphtha Polyforming,” can be used 
to calculate gasoline yields and cctane 
numbers from operations charging out- 
side refinery gas streams. They also give 
the design information necessary to esti- 
mate the plant capacity required to con- 
vert these gases when they are charged 
with a variety of naphthas to polyform- 
ing operations. 

On the previous article it was shown 
that separate yields from gas conversion 
and naphtha cracking are not additive 
in predicting yields from a combined 
polyforming operation. The hydrocarbon 
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gases, products from the naphtha or 
charged from the outside, are converted 
more readily and produce higher yields 


‘of gasoline when they are reacted in 


the presence of naphtha due to the many 
reactions between the gases and the 
products from the naphtha cracking. 

Gasoline yields and quality are de- 
pendent upon the severity of operating 
conditions, the character of the naphtha, 
and the type and amount of outside 
gases charged. Gases suitable for con- 
version in naphtha polyforming are the 
C, and C, hydrocarbons, including both 


olefins and paraffins, However, heavier 
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gases can be converted readily if econcmi- 
cally feasible. 
Data presented here cover the process- 


ing of a wide range of gas streams such 
as: 


(1) paraffinic gases recovered from 
natural gasoline prcduction or catalytic 
alkylation operations, 


(2) highly clefinic gases produced by 
catalytic gas oil cracking, 

(3) miscellaneous refinery gases hav- 
ing intermediate olefin content. 

Since the behavior of outside gases 
in naphtha polyfcrming operations is 
affected by the type of naphtha charge, 
irformation is presented fcr three naph- 
thas which differ widely in paraffinicity 
as indicated by the characterization fac- 
tor. Laboratory tests on the three stocks 


involved in this discussion are shown in 
Table 1. 


The extent cf conversion cf outside 
tefinery gases charged to naphtha poly- 
forming operations can be varied over 
a wide range. The outside gas can be 
charged on a once-through basis, or 
the C, and C, hydrcecarbons can be 
recycled to virtual extinction. Partial 
recycle of the gases also is sometimes 
desirable, depending upon the amounts 
and type of gas and naphtha available 
for processing and the size of equip- 
ment, Most of the polyforming opera- 
tions discussed here involve essentially 
complete conversion of the outside gas 
charge by regulating the gas recycle 
ratio and operating for a gascline distil- 
late of specified volatility. However, 
sufficient data are presented on partial 
gas recvcle and once-through operations 
to enable the individual refiner to pre- 
dict yields from a great varietv of charg- 
ing stocks and operating conditions. 


The flow diagram fcr naphtha poly- 
forming with outside gas, is the same 
as that used for naphtha polyforming 
with only internal gas recycle, (shown 
in Fig. 1 in the preceding article), except 
that the outside gas is charged directly 
into the rich naphtha stream if the gas 
is liquefied, or to the absorber if it is 
in the gaseous state. Conditions of tem- 
perature and pressure and the general 
method of operation are the same as 
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has been described for polyforming with 
internal gas recycle. 

Naphtha polyforming with outside gas 
is especially desirable due to its flexibility 
in maintaining a butane balarce desnite 
varying seasonal demands. Excess bu- 
tane-butene may be charged to a napa- 
tha pclyforming operation producing gas- 
clire containing just sufficient C, hydro- 
carbons fcr specification vapor pressure. 
During periods of butane-butene defi- 
ciency for alkylation or vapor pressure 
requirements, a maximum yield of butane- 
butere may be produced from te poly- 
forming operation by limiting the recy- 
cling of C, hyrocarbons to a minimum. 
Variations in the quantities of butane- 
butere charged and recycled are bal- 
anced with respect to polyforming ca- 
pacity by adjusting the quantity of out- 
side propane-propylene charged or the 
extent of conversion of C, hydrocarbons. 
The latter variable can be easilv con- 
trolled through the operation of the ab- 
sorber. 


Effect of Olefin Content 
of Outside C, Fractions 


A wide variety of refinery C. fractions 
may be charged to naphtha pclyforming, 
ranging in olefin content from almost 
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Fig. 1—Polyforming Eastern Venezuela naphtha with 40% outside 
propane-propylene 


fraction produced by catalytic gas oil 
cracking. The latter type of gas often 
contains 60 mol % cf propylene or 
higher. A study of olefin content of 
propane-propylene charge to naphtha 





pure propane to the highly unsaturated polyforming operations indicates that 
TABLE 1—Naphtha Polyforming Charge Stocks 
Depentanized 
Eastern Pennsylvania- Full-Range 
Venezuela Mid Continent Ordovician 
Naphtha Naphtha Mixture Gasoline 
Gravity, °A.P.I. ... 46.8 51.3 58.9 
Se 7 18 3 
I I 5g GN cin den eidwsgnetaiane avd Ain 118 135 139 
ht, Soe 0.048 0.054 0.129 
A.S.T.M. Distillation, °F. 
Overpoint ........... 286 216 180 
Re crete ane eee 424 424 412 
Or 304 276 214 
I ose secu lie athe cd Gs ONGLGS auw whavacee iar everett 825 330 270 
ae ; 366 384 360 
Characterization Factor, K 11.66 11.89 12.18 
Aromatics, volume % ...... 15.2 74 8.0 
| RSS ae 0.0 0.2 0.6 
eS 0.4 05 2.5 
MN nang 4.9 2.6 3.2 
9-Carbon Aromatics .. 9.9 4.1 1.7 
A.S.T.M. Octane Number 
Clear Se eee 45.7 82.1 20.5 
+t op. TBE. ...... a 56.6 44.6 33.1 
Se ee eee 67.5 56.3 45.1 
Research Octane Number 
| RL. eer 45.5 28.1 19.3 
ef ae |} rer 54.6 38.0 30.6 
es St 69.4 55.8 42.5 





TABLE 2—Polyforming Eastern Venezuela Naphtha With 40% Outside Propane- 
Propylene 


(Effect of Varying Olefin Content of Outside Gas) 


Amount of Propylene, mol % of Outside Gas 
Yields, vol. % of naphtha charge 


Gasoline (10 R.V.P., 400°F. E.P.).......... 
Gas (Cg and Lighter), F.O.E. ............. 


Tar 


Octane Number of Gasoline 
A.S.T.M., clear 
Research, cleur 
Research, +3 cc. T.E.L. . 


0 30 60 
‘ 97.7 104.0 110.3 
“e 17.7 15.3 13.3 
ins 6.9 5.5 43 
na 77.0 77.0 77.0 
a 88.7 87.6 85.9 
“ 95.5 95.3 93.9 
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yields of gascline realized from the out- 
side gas and polyforming capacity re- 
quired to convert the gas to extinction 
are greatly different for C, fractions 
containing various percentages of unsatur- 
ates. 

The character of the naphtha charged 
in conjunction with the outside gas is 
also an important factor in determining 
the results obtained from gas conversion. 
However, the effect of increasing clefin 
content of outside propane-propylene is 
similar in the case of three naphthas 
having widely different characteristics. 
When 40 vol % (based on naphtha) 
of several outside propane-propylene 
fractions is charged to naphtha polyform- 
ing, the more highly unsaturated outside 
gas in the range of 0 to 60 mol % of olefin 
results in a substavtially higher gasoline 
yield, a lower yield of fuel gas, little 
change in tar yield, and a lower poly- 
forming capacity requirement for com- 
plete conversion of the outside gas. Table 
2 shows typical yields from polyforming 
Eastern Venezuela naphtha to an ASTM 
octane number of 77. 


Figs. 1, 2 and 8 are plots of yield-oc- 
tane number curves showing the effect 
cf olefin content of outside propane- 
propylene in  polyforming operations 
charging Eastern Venezuela naphtha, a 
mixture of Pennsylvania and Mid Con- 
tinent naphthas, and depentanized Or- 
dovician full range straight-run gasoline, 
respectively. The advantage of charging 
olefinic refinery gas fractions is obvious 
from these curves, although satisfactory 
yields of distillate were realized from 
all of the gases charged. 


Further analysis of the foregoing data 
will show the effective yields which may 
be obtained from the various C, frac- 
tions by polyforming a naphtha to a 
given octane level. Differential yields 
between polyforming with outside pro- 
pane-propylene and polyforming opera- 
tions charging no outside gas are plotted 
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in Fig. 4 against octane number cf dis- 
tillate from the overall operation. These 
yields are incremental yields based on 
naphtha charge when 40 vol % of out- al > 
side gas was converted with a paraffinic a a ) a 


mixture of Pennsylvania and Mid-Con- : 7 No Nee a 





° 








tinent naphthas. 





At a distillate octane number of 76, 
13.5 vol % of gasoline based on naphtha 
was obtained from a charge of 40% of 
propane, and 18 vol % of gasoline from 


40% of propane-propylene containing 
60% of olefin. 








Ano ourTsive Gas O% OLEFINY N ag 
AN NE EN 


N N 


N wi KT al 
The curves in the center section of 


N K 
Fig. 4 indicate that the yield of dry gas . \ 
(C, and lighter) obtained from the . 
outside gas decreased with increasing * - , | 
unsaturation of the gas charged. This 
effect was the result of more efficient a. on 8 eS ts ee ee ele 
conversion of the olefins to gasoline. In- OE See 9 ee ee 
poy ape “om —s pooge! by the pint liz. 2—Polyforminy a Pennsylvania Mid-Continent naphtha with 40% outside 
on the ri side of Fig. 4, were mostly 
negative pte indicating that tar poepenegupyane 
yields were decreased by charging out- 
side C, fractions to the naphtha poly- 
forming operations, The decrease in 
tar yields substantiates other observations 
in which it was ncted that some of the \\ 
tar forming constituents react with ths 7 
recycled gas to produce gasoline. The \ —sS 
extent of this effect appears to depend 76 — 
upon the concentration of gas in the \\ -—~ 
polyforming coil. 
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Incremental yields obtained from the 
outside C, fractions, recalculated on the 
basis of cutside gas charged, are plotted 
in Fig. 5 agairst ASTM octane number 
of distillate from the combined poly- 
forming operation. Gas circulations are 
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also presented on the basis of number \ \\_ ® 

of passes thrcugh the polyforming fur- ? T\ 

nace required for complete conversion \\\ N\ 

of the outside gas. Gasoline yields vary ? NSS 
from 34 vol % from propare to 45 vol \\ 

% from the 40% propane-60% prcpyl- 6 

ene mixture in polyforming operations ‘)) 

producing 76 octane number distillate. ‘ EET Sy SE ST SS 7 SS 
The corresponding number of passes re- mo Te Fe AVP MOTOR GASOLINE YIELD, VOLUME % OF RAPHTHA clianeE 

quired to convert the outside gas ranges 

from 9.0 for propane to 5.5 for propane- Fig. 3—Polyforming a depentanized full range Ordovician gasoline with 40%, 
propylene. outside propane-propylene 


When comparisons are made on the 
basis of a given octane number of poly- 





formed distillate, both yields of gasoline 


»btained f uutside gas and the num- 
TABLE 3—Polyforming Eastern Venezuela Naphtha With Outside Propane- er aotha rene i convert the gas 
Propylene vary with the characteristics of the naph- 


' ’ tha charge. In general, gases appear 
(Effect of Varying Amount of Outside Gas) to react more readily with a highly paraf- 


Outside Gas None —Propane— —Propane-Propylene— finic, low octane naphtha charge. Fig. 6 
(60% Olefin) shows yields from the outside gas and 
Amount of Outside Gas, Vol. % of naphtha charge 0 20 40 20 40 60 corresponding gas circulations fcr opera- 
Yields, vol. % of naphtha charge . . ¥ < 
Gasoline (10 R.V.P., 400°F. E.P.)....... 85.0 922 97.7 97.8 1103 115.2 tions charging ae panier 
Gas (C, and Lighter), F.O.E. ......... 86 10.7 17.7 91 133 160 taining 60% of olefin with three different 
OE cuceevercalie kegs etcroes 6.9 5.8 6.9 5.5 4.3 7.0 naphthas. The recycling of gas avpears 
Octane Numbers of Gasoline to decrease with increasing paraffinicity 
A.S.T.M., clear 77.0 770 77.0 770 770 177.0 ] 
Research, clear 870 862 880 868 859 832 °F the naphtha charge. 
Research, +3 cc. T.E.L. .... 95.3 943 95.5 94.7 939 95.8 a 
Gasoline Yield from the Gas, vol. % 36.0 318 615 633 50.38 Incremental gasoline yields from some 


of the olefinic C, fractions exceeded 
70 vol %. The theoretical yield from 
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CIRCULATION 
WO. PASSES REQUIRED TO CONVERT 
OUTSIDE Gas 


propane-propylene, based on 100% by 
weight conversion of the gas to gascline, 
is approximately 70 vol %. Thus, the 
outside gases imprcved the operation to 
such an extent that maximum gasoline 
yield could be realized frdm beth paraf- 
finic and olefinic gases i many cases. 


Effect of Amount of Propane- 
Propylene Charged 


The amourt of gas which may be 
converted per pass in a naphtha pcly- 
forming operation has been shown to de- 
pend upon the operating conditions and 
the composition of the charge. The tctal 
outside gas converted in a given opera- 
tion is limited by the canacity for re- 
cycling gas in the unit. The conversion 
per pass for outside C, fractions is of 
such magnitude that a wide range in 
amourt of outside gas charge is feasible, 
even when the outside gas is recycled 
to extirction. Quantities of outside pro- 
pane-propylere as high as 60 vol % 
based on naphtha have been converted 
completely in this type of operation. 

When outside prcpare-propylene is re- 
cycled to extinction, the amcunt of gas 
charged changes the ratio of gas to 
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60% OLEFIN 





50 
MOTOR GASOLINE VIELD FROM OUTSIDE GAS, VOLUME % 


naphtha in ffie cracking furnace. If the 
outside gas is highly olefinic, the com- 
position of the total gas entering the 
cracking furnace varies with the quant:ty 
of outside gas. These considerations in- 


dicate a possible effect of different, 


amounts of gas charge upon the yields ob- 
tained from the outside gas or the con- 
version per pass. 

Table 3 shows a ccmparison between 
converting 20 and 40 vol % of outside 
propane in operations charging Eastern 
Venezuela naphtha. The 20% of pro- 
pare prcduced a slightly higher yield 
of gasoline than the larger amount cf 
gas. This trend appeared to apply over 
a wide range of cracking severity. 

When propane-propylene containing 
60 mol % of unsaturates was charged 
w:th the same naphtha, there appeared 
to be no trend to indicate that smali 
amourts of outside gas can be converted 
more advantageously than larger quan- 
tities. The gasoline yields obtained from 
the gas ard gas circulations required 
to convert the gas ccmopletely were al- 
most the same for operations charging 
either 20 or 40 vol % of outside gas. 
Yields from 60% of propane-propylene 
were similar, except at high cracking 


Fig. 4 (top left)—Polyforming a Pennsylvania Mid-Continent naphtha 
with 40% outside propane-propylene, to show increase in yields over 
polyforming with no outside gas 


Fig. 5 (bottom leit)—Polyforming Pennsylvania Mid-Continent naphtha 
with 40% outside propane-propylene to show yields and circulation 
from outside gas 


Fig. 6 (top right)—Polyforming naphthas with 40% outside propane- 
propylene (607, olefin). to show effect of type of naphtha) 


severity where optimum cperating con- 
ditions were not reached. 


Charging Outside Butane-Butene 

When there is an excess of refinery 
butane-butene, the excess C, hydrocar- 
bons can be converted to gasoline in 
conjunction with naphtha polyforming. 
The operation is sufficiently flexible that 
varying quantities or no butane-butene 
can be charged, depending upon seasonal 
butane balances. In periods of high 
butane requirements, the polyforming 
unit can be loaded to capacity with 
propane-propylene or additional naph- 
tha. ; 

N-butane rejected from an alkylation 
plart can be charged advantageously to 
naphtha polyforming operations. Gaso- 
lire yields of 40 to 50 vcl % can he 
obtained from outside n-butane in con. 
junction with polyfcrming of Eastern 
Venezuela naphtha, as shown in Fig. 7. 
The number of passes reavired to con- 
vert the n-butane ccmpletely was 4% to 
7%, depending upon the cracking sever- 
ity. Gas circulations are lower when a 
more paraffinic naphtha is polyformed, 
in which case, 4 to 5 nasses were re- 
quired to convert outside n-butane. 

Olefinic butane-butene factions pro- 
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Naphtha Polyforming with Outside Gases 





duce higher yields of gasoline with less 
gas circulaticn than n-butane. When a 
C, cut from catalytic gas oil cracking, 
containing about 50% of unsaturates, 
was charged to a naphtha pclyforming 
unit, the yield of gasoline from the 
cutside gas was 62 vol % for an cpera- 
tion preducing a 76 ASTM octane nuta- 
ber gasoline. Gas circulations required 
to convert the outside butane-butene 
were equivalent to 3% to 5 passes over 
a range cf distillate octane numbers. 

Comparison of converting outside C, 
and C, fractions in the naphtha Poly- 
form process shews that butane-butene 
yields more gasoline on a volume basis 
with less gas circulation required for 
complete conversion. The advantage of 
outside n-butane over propare is ap- 
parent, beth in yield of gasoline and 
gas circulation rates, 


Operating for Maximum 
Butane-Butene Production 


A naphtha pclyforming unit can be 
operated to remove essentially all of the 
C, hydrocarbors from the gas recycle 
stream in order to produce a maximum 
yield of butane-butene from a_ given 
operation, The gascline stabilizer is 
operated as a depropanizer, and a mini- 
mum of butane-butene is permitted to 
pass overhead with the recycle gas. The 
gasoline is then debutanized to recover 
a high yield cf butane-butene which is 
rich in unsaturates. This method of 
operation is desirable for producing a 
maximum of olefins for alkylation charge 
or for making extra quantities of butane 
for high seasonal vapor pressure require- 
ments. 

Fig. 8 shows a comparison between 
normal operation for specification vapor 
pressure gasoline and operation for maxi- 
mum butane-butene production for a 


TABLE 4—Polyforming Pennsylvania-Mid Continent Naphtha for Maximum 


Butane-Butene 


(Effect of Charging Outside C;’s at 1500 psi.) 


Outside Gas 
A.S.T.M. Octane Number 
Debutanized Distillate, vol. % of naphtha charge 
Butane-Butene, vol. % of naphtha charge 
Unsaturation ef Butane-Butene Cut, mol % 


Incremental Yields from Outside Gas 


Debutanized Distillate, vol. % of naphtha charge 


Butane-Butene, vol. % of naphtha charge 
Debutanized Distillate, vol. % of gas charge 
Butane-Butene, vol. % of gas charge. . 


Production 
None 40% Propane 

re er ee ee 78.8 78.1 
ida bilan eam esa 57.5 66.6 
aii a iene ae taaecs 12.3 17.9 
i ate of Sk Nee eat 63 60 

E Gciadivecanatioi Mathai’ 9.1 
ee See re 5.6 
on eee 22.8 
pal Ne ot ale rs cerning ie 14.0 





TABLE 5—Polyforming Pennsylvania-Mid Continent Naphtha for Maximum Bu- 
tane-Butene Production 
(Effect of Charging Outside Propane at 2000 Psi.) 


Outside Gas 
A.S.T.M. Octane Number a ee 
Debutanized Distillate, vol. % of naphtha charge. . 
Butane-Butene, vol. % of naphtha charge 


Unsaturation of Butane-Butene Cut, mol %..... 


Incremental Yields from Outside Gas 


Debutanized Distillate, vol. % of naphtha charge 


Butane-Butene, vol. % 


of naphtha charge 
Debutanized Distillate, vol. % of gas charge. . 
Butane-Butene, vol. % of gas charge. . 


40% 
None Propane 
78 78 
sanmarns 61.2 70.9 
ios Gas se Sacco 10.1 17.0 
poe Tacecans 60 60 
ncaa 9.7 
5 ate etiane wip iovatane oe eraiee eee 6.9 
ti hiaia cael 24.3 
Cite eaaiabe vin 17.3 





range of distillate octane numbers. The 
charge to the polyforming unit was East- 
ern Venezuela naphtha and 40 vol, % of 
outside prcpane-propylene containing 60 
mol % of olefin. The operation for maxi- . 
mum butane-butene production showed 
a gain in yield of butane-butene of 9 to 
12% vol % at the expense of a com- 
paratively small loss in gasoline yield. 
Another comparison is given in Table 4 
for operations charging a mixture of 
Pennsylvania and Mid-Continent naph- 


thas with 40 vol % of outside propane. 
The butane-butene yields based on naph- 
tha charge for typical runs at 1500 psi. 
were 12.3 vol % frcm naphtha with no 
outside gas and 17.9 vol % from poly- 
forming with outside propane. These 
polyforming operations with and without 
outside gas indicate the yields of gaso- 
line and butane-butene which can be 
realized from refinery C, fractions, The 
calculated yields from the outside gas 
indicate that 23 vol % of gasoline and 
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Fig. 7—Polyforming an Eastern Venezuela naphtha with 
outside n-butane and butane-butene 
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Fig. 9—Precise fractionation of 76.5 ASTM octane number distillate from 
Polyforming an Eastern Venezuela naphtha with 40% outside propane 





TABLE 6—Polyforming Eastern Venezuela Naphtha with 60% Outside Propane- 
Polylene Containing 60% Olefin 


Yields, vol. % on naphtha charge 


Gasoline (10 R.V.P., 400°F. E.P.) ......... 
Gas (C, and Lighters), F.O.B. .....ccccccns 
a a et yarn errr tee ger 
Number of Passes Required to Convert Outside Gas 


Octane Numbers of Gasoline 


PT WN ago is dh ine wae RES ame 
I a eh ng a a rane gta eA 


Research, +3 cc. T.E.L. 


Incomplete Complete 
C, Recycle CC, Recycle 
oO 

pGriva bien’ ad 108.2 113.8 
ee ee eee 15.5 17.5 
witetne wale Cea a eas 6.3 6.9 
ikicrdiakieteated tate ts 8.4 7.1 
Ee ee 77.3 77.3 
RON a ee | Se ee 87.4 88.7 
Shinn Be tide an ee 95.0 96.2 


* Propane-propylene recycle withdrawn from unit was 15.3 vol. %. 





14 vol % of butane-butene were obtained 
from propane. Yields of both gascline 
and butane-butene from propane were 
slightly higher in 2000 psi polyforming 
cperations as shown in Table 5. 


Limited Conversion and Once-Through 
Operations on Outside Gas 


In many cases sufficient polyforming 
capacity is not available to convert to 
extinction all of the outside refinery C, 
and C, fractions. If the outside gases 
are comparatively high in clefin content, 
it is cften desirable to charge large 
amounts of outside gas and operate for 
incomplete conversion in order to utilize 
the polyforming capacity in the most effi- 
cient manner. Since olefins are more re- 
active than paraffins in the polyform- 
ing furnace, an operation with limited 
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recycling of gas tends to strip the out- 
side gas of its olefins and to reject a rela- 
tively olefin-lean gas. Similarly, outside 
butane or butane-butene can be con- 
verted advantageously in a unit of 


l‘mited capacity by rejecting propane 
from the recycle gas stream, 


Table 6 shows yields for two naphtha 
polyforming operations charging 60 vol 
Yo of outside propane-propylene contain- 
ing 60 mol % of olefin. In one case, the 
outside gas was recycled to extinction 
with 7.1 passes through the cracking 
furnace. The recycling of gases was 
lim‘ted to 3.4 passes for the outside gas 
in the second cperation, and one-fifth of 
the outside gas was unconverted. The 
gasoline yield in the latter run was 5 % 
lcwer, but the required amount of poly- 
forming capacity was greatly reduced. 


When small amounts of olefinic out- 
side gas are available, it is sometimes 
prcfitable to charge them to a naphtha 
polyforming operation in place of a pcr- 
tion of the normal gas recycle stream, 
using only the usual amount of gas re- 
cycle for naphtha polyfcrming without 
outside gas. Since the normal Polyform 
recycle gas is largely propane, this 
method of operation can be advantage- 
ous with either outside C, fractions er 
olefinic C. fractions. Table 7 shows how 
84% of olefinic butane-butere can be 
utilized without increasing the furnace 
throughput of a polyforming uvit. The 
gasclire yield was increased 7.6 vcl % 
over the straight run naphtha pnolvforming 
operation, and approximately 80% of 
the outside butane-butene was converted 
in a single pass. 


A similar operation involves charging 
an outside gas rich in unsaturates to a 
naphtha pclvforming operation on a 
once-through basis. The furnace through- 
put is increased only by the amount of 
outside gas charged. Table 8 compares 
a conventional polyforming operation 
with ancther charging on a ovce-throngh 
basis 33 vol % of propane-propylene 
cortaining 60% of olefin. The pascline 
yield was improved by 8.3 vol % and 
the excess butane-butene by 1.8 vol % 
inthe operation using the outside gas. 
Abcut two-thirds of the outside propanc- 
propylene was converted. 


Adjusting Gas Conversion Conditions 
for Optimum Yields 
Operating conditions must be selected 


with care for charging olefinic outside 
gas fractions in order to insure optimum 





TABLE 7—Polyforming Eastern Venezuela Naphtha with 34% Outside Butane- 
Butene with the same Gas Circulation Used in Polyforming with No Outside Gas 


34% 
Butane-Butene 


Outside Gas None (60% Olefin) 
Naphtha Charge .. Oe ee Pe oe eae ae 100 100 
Butane-Butene Charge, vol. % of naphtha charge. . ; 0 34 
Gas Recycle, vol. % of naphtha charge : cepa same 100 67 
Total Furnace Throughput, vol. % of naphtha charge a stag | 201 
Yields, vol. % 
Motor Gasoline (10 R.V P.) 87.6 95 2 
ee I Sc 15s es arp vn ali eae hw I Se ae 0 66 
I 0556's 5.1 0s) vig org 8 pra MEN TETAS oad aaa or dati te ae wa 2.2 14.6 
:. ie = 5.4 8.6 
Gas Ee ea ee ee eA Se Ne Um tee mh ager) ere as 6.9 84 
A.S.T.M. Octane Number, clear Fr ee re eye ee 75.8 758 
ara ain inl dec ncn rN 86.2 86.4 


Research Octane Number, clear .. 
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TABLE 8—Polyforming Eastern Venezuela Naphtha with 33% Outside Propane- 
Propylene Charged on a once-through Basis 


33% 
Propane-Propylene 

Outside Gas None (60% Olefin) 
Naphtha Charge , YS ee ee ee ee ea 100 100 
Propane-Propylene Charge, vol. % of naphtha charge................ 0 33 
Gas Recycle, vol. % of naphtha charge................22eceeeeees 100 100 
Total Furnace Throughput, vol. % of naphtha charge....... err — 233 
Yields, vol. % 

Motor Gasoline (10 R.V.P.) ................. Seeadan 79.6 87.9 

NS NN ooo ic. t-g WR AtS Seth wath e Gun bee aa 6.2 8.0 

Propane-Piopylene peda ae PE ead wag aeerne Rakes 1.6 12.6 

Tar . é D scark 0a tae 8 Saeed & tiene a nice weeds 7.5 9.1 

Gas ... a sre cSs ial iid sh eA Sh ae ch Anti dish tes cha al 7.6 10.6 
Ce ee, OR go ik 6 xen 6b edness eed eseexee 78.0 78.0 
Research Octane Number, clear ..........cccccccccccccccsccseccs 90.1 88.8 





vields of gasoline from the gas conver- 
sion, especially when high octane distil- 
lates are produced. Table 9 shows the 
improvement derived by operating at 
corditions selected with a_ thcrough 
knowledge cf gas-naphtha reactions. The 
charge to the unit was Eastern Venezuela 
naphtha and 60 vol % of propane- 
propylene containing 60% of olefin. The 
better operating conditions increased 
the gasoline yield by 5.5 vol % and de- 
creased the yields of tar and fuel gas. 


Polyform Distillate Quality 


The distillate produced by naphtha 
polyforming with or without outside gas 
is well balanced in volatility and can be 
used as a major constituent of a finished 
motor fuel. Octane numbers vary between 
75 and 80 by the ASTM methcd, clear, 
depending upon the severity of cracking 
and the character of the charge. Research 
octane numbers range from 84 to 93 for 
the unleaded distillate. 


The spread between ASTM and re- 
search octane numbers increases with 
the ASTM octane number of the distil- 
late, and it also tends to he higher for 
gasolines from more paraffinic naphtha 
stocks, The sensitivity is ordinarily in 
the range of 9 to 12 for polyformed 
dist'llates having 76 to 77 ASTM octane 
number. Gasolines from naphtha pely- 
forming have excellent octane blevding 
characteristics in other gasoline stocks. 


Fig. 10 — Road octane performance 
curves for two distillates from Polyform- 
ing cn Eastern Venezuela naphtha, 
compared with the road octane require- 
ments of a group of late model cars 
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TABLE 9—Polyforming Eastern Vene- 
zuela Naphtha with 60% Outside 
Propane Propylene Containing 60% 


Olefin 
Operation 
1 2 
Yields, vol. % of naphtha charge 
Gasoline (10 R.V.P., 400°F. 

NEES. itn cathe srarcasincs in peaseiaies 106.0 111.5 
Gas (C, and Lighter), F.O.E... 20.5 17.2 
a ere Pe ree 9.0 9.2 

Octane Numbers of Gasoline 
A.S.T.M., clear ... 78.0 78.0 
Research, clear ... tov CS Cae 
Research, +3 cc. T.E.L. .. 97.0 96.5 





75.4 ASTM. OCTANE NUMBER DISTILLATE 
CHARGING PROPANE - PROPYLENE 
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A.S.T.M. OCTANE NO. 75.4 642 
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Fig. 9 shows a hydrocarbon analysis 
of a typical gasoline produced by poly- 
forming Eastern Venezuela naphtha with 
40 vol % of outside propane to a 
76.5 ASTM octane number. The higher 
boiling half of the gasoline contains 44% 
of. aromatics and only 16% of olefins. 
The front end of the gasoline is olefinic 
in nature, as the Cg, C; and Cy, fractions 
contain 52% of unsaturates. This type 
of hydrocarbon distribution is indicative 
of a gasoline having good antiknock per- 
formance on the road at both low and 
high speeds, 


Fig. 10 shows road octane performance 
curves for two typical Polyform distillates. 
The broken curves represent the road 
octane requirements for a group of late 
model cars from an individual parking 
lot in a hilly Iccality. These broken curves 
indicate the octane requirement which 
satisfied 25, 50, 75, and 95% of the cars 
at the various engine speeds from 750 to 
3000 rpm. The solid curves represent 
the road octane versus engine speed re- 
lationships for the polyformed distillates, 
both clear and with 3 cc. cf TEL per 
gallon. 


The performance of the unleaded gaso- 
lines closely approximates the octane re- 
quirement curve for 95% of the cars at 
all engine speeds, The curves for the 
leaded distillates indicate the suitability 
of these stocks as blending components 
with lower grade fuels. Higher octane 
number polyformed distillates have road 
performance curves which are parallel to 
or steeper than the curves for the typical 
gasolines shown here. 


75.6 ASYM. OCTANE NUMBER DISTILLATE 
CHARGING BUTANE- BUTENE 


CLEAR +#3CC TEL. 
{ A.S.T.M. OCTANE NO. 75.8 83.5 
RESEARCH OCTANE NO. 87.5 95.1 
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Naess has the night Valves for a// 
f Flow Control requirements | 


This may sound like a broad statement—but we 
can back it up. Because, through 100 years of mak- 
ing valves—and valves only—Powell has always 
been ready with valves that are right—in both 
design and material—to meet all demands im- 
posed by the amazing growth of American Industry. 




















Today the Powell Line includes Bronze and Iron 
Valves of every necessary type, size, design and 
working pressure; Cast Steel Valves of every type 
in pressure classes from 150 to 2500 pounds; and 
a complete line of Corrosion-Resistant Valves, 
including many special designs and made in the 
widest range of pure metals and special alloys 
ever used in making valves. 








200-pound Bronze 
Gate Valve with 


The Wm. Powell Co., Cincinnati 22, Ohig —=—=«exewanie aise. 


Large 125-pound Iron DISTRIBUTORS AND STOCKS IN ALL PRINCIPAL CITIES 
Body Bronze Mounted 


or All tron O. S. & Y. 
Gate Valve. 
















Class 300-pound Cast Steel 
Gate Valve. Has 12” port 
size venturied to 20” size 
end flanges to accommodate 
insulated pipe. Provided 
with top-mounted, enclosed 
electric motor operator. 


Catalogs furnished on request. Kindly state 
whether you are chiefly interested in Bronze, 
Iron, Cast Steel or Corrosion-Resistant Valves. 





Large 125-pound Iron Body 
Bronze Mounted or All Iron 
0. S. & Y. Globe Valve. 


200-pound Bronze 
Globe Valve with 
regrindable, renew- 
able seat and disc. 


Class 1500-pound Cast Steel 
O. S. & Y. Gate Valve. 













Class 300-pound Cast 
Class 300-pound Cast Alloy Steel Gate Valve 
Alloy Steel O. S. & Y. for ultra-high temper- 
streamlined Angle Valve. atures. Has cooling 
Adapted for high tem- fins to reduce the 
peratures up to 1400 F. temperature in the 
stuffing box. 


Class 300-pound, 16” Cast 
Steel Gate Valve. Provided 
with automatic steam seal- 
ing mechanism and electric 
motor operator. 


/ 
f 
i 






Class 150-pound 
Cast Steel Swing Class 600-pound Cast Steel 
Check Valve. 0. S. & Y. Gate Valve. 


125-pound Iron Body Bronze 
Mounted or All Iron ‘‘Mas- 
ter Pilot’? Gate Valve. 
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New Metallizing Technique ‘Homogenizes’ 


Alloy Coatings to Eliminate Porosity 


Refinery equipment from pump rods to fractionating towers can be 
protected by alloy trimming, using a new metal spraying process which 
“homogenizes” the surface after it has been applied. The process is said 


© provide a coating superior to more conventional coatings in corrosion 


and abrasion resistance. 


Valve life in an HF alkylation plant was increased from 30-60 days 
to over three years, and the valves are still in use with no indication of wear. 


Similar high service was obtained with valves exposed to hydrochloric acid 


in an isomerization unit. 


The success of the new process is said to lie in precise control of tem- 


peratures and rate of flow during coating operations. 


Equipment for the 


method is portable, so that the process can be used for coating large 


vessels in the field. 


T= desirability of providing alloy- 
protected surfaces in many items of 
refinery equipment, from valves and 
pump rods to reaction vessels and frac- 
tionation columns, has long been recog- 
nized. A great amount of money has been 
spent for alloy trim to resist such corrosive 
chemicals as the sulfur compounds, hy- 
drochloric, sulfuric and hydrcefluoric acids; 
in the cortrcl of abrasion resistance, and. 
to provide very hard surfaces for special 
applications. 


In general, alloy-trimming is applied 
by building up the surface with the ap- 
propriate material by welding, metal 
spraying or by plug-welding sheets of the 
desired alloy on the existing surface. Small 
parts also are coated by electroplating. 
Object'ons have develcped against each 
method in certain cases on grounds of ex- 
pense, difficulty of applying or unsatis- 
factory results, 


Welding Is Expensive 


Welding has given very good results, 
but is cften expensive and in many cases 
can not be used because of the possibility 
of slag-inclusions and pinholes or because 
the application of heat would damage the 
part. Welding also inevitably produces 
an interpenetration of the weld deposit 
with the base metal, which is particularly 
undesirable because of carbon infiltration 
when alloy coatings such as the stainless 
and nickel steels are deposited on a fer- 
rous metal. Welding first with nickel and 
subsequently with the desired alloy is a 
common circumvention of the latter ob- 
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jection, but does not do away with objec- 
tionable heat. 


Electrcplated deposits also may be non- 
uniform, sometimes blister and _ scale 
where the base-metal is non-homogeneous 
or improperly prepared. Deposits ordin- 
arily are restricted to pure metals since 
most of the alloys cannot be plated be- 
cause cf excessive differences in electro- 
chemical equivalents which usually exist 
between the several components of the 
alloy. This results in a deposit which 
may vary widely in composition from that 
of the original material. Electroplating 
also is generally considered more expen- 
sive than other coating methcds, especial- 
ly if the parts are large. The process is 
difficult to control and, generally can- 
not be applied in the field. Often it is 
unsatisfactory for coating intricate sur- 
faces which must meet high dimensional 
tolerances because of the difficulty in 
accurately positioning the anode with re- 
spect to the work. 


Cracks May Also Develop 


Plug-welding of alloy sheets on base 
metal suffers from the objections listed 
above for welding, plus the possibility 
of cracks developing in the alloy and gen- 
eral difficulty of welding thin sheets. It 
is widely used to protect large refinery 
vessels. 


Metal spraying, although favored by 
many, has frequently failed because of 
improper preparation of the base material 
before spraying and from faulty technique 
in applying the coating. The metallized 


By J. A. LOONEY 
Alloy Welding & Mfg. Co., Tulsa 


surface generally is porous—desirable in 
some applications and prohibited in cthers. 
Some alloys, such as the Hastelloys, 
Stellite I and VI,, and Colmonoys, hereto- 
fore have been considered impossible to 
apply by spraying techniques, 


New Method of Metal Spraying 


A recent development in alloy-trim- 
ming is a metal spraying technique de- 
veloped by the Alloy Welding & Mfg. Co, 
of Tulsa by which any alloy capable of 
being formed into a red or wire, including 
those ranging in hardness up to 76 Bri- 
nell number, can be sprayed to any de- 
sired depth. It has the further advantage 
of producing either porous or non-porous 
surfaces, as may be desired, is guaranteed 
not to “peel” off and can be heat-treated. 


This new technique requires careful 
e'ectrical preparation of the surface, metal 
deposition using a special spraying head 
or by flame-welding, avd finishing by 
heating the deposit until it attains com- 
plete homogeneity. All pinholes are elim- 
inated. Control of temperatures during 
spraying and ficwing are the real “secrets” 
of the process, for which Alloy Welding 
has patents pending for the technique and 
on the spraying head. 


The area to be coated is machined to 
the desired depth as in conventional prac- 
tice, but is left as smooth as possible 
rather than threaded or knurled. Machin- 
ing for this coating technique is intended 
primarily to give sufficient depth for satis- 
factory application and _ service life, 
secondarily only as a means of bonding 
the deposit. No cutting oil is permissible 
and the final surface must be kept free of 
finger-marks, oil, grit and dust. Sand- 
blasting as a means of surface preparation 
is not used, although steel grit is em- 
ployed for some jobs, notably crank- 
shafts and large vessels. 


Next operation is preparing for bond- 
ing, in which the surface is pitted by 
means of multiple e'ectric arcs until the 
area contains thousands of tiny depres- 
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Motor fuels improved by the 
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prover give smooth, powerful 
performance ...and win friends 
.. . by reducing valve deposits 
and valve sticking. Step up the 
performance of your motor fuels 
by adding PARADYNE Fuel Im- 
prover at the refinery or the 
pump. Complete data available 
in Technical Bulletin No. 101. 


PA RA M | N ) Tmake good motor ols and fuels beter 


ADDITIVES WITH A BACKGROUND PARAMINS INCLUDE: PARATONE —for improved viscosity index. 


PARAFLOW —for lower stable pour. 

PARATAC —for tacky oils and greases. 

PARAPOID —for E.P. gear oils. 

PARANOX —for inhibiting corrosion and oxidation. 
PARASHEEN—for better appearance. 

PARADYNE —for improved gasoline. 
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Distributed by: Stanco Distributors, Inc., 26 Broadway, New York 4, N. Y.; Stanco Distributors, Inc., 221 North La Salle St., Chicago 1, Ill.; The Carter 
Oil Co., P. O. Box 801, Tulsa, Okla.; Griffin Chemical Co., Los Angeles and San Francisco, Calif.; Imperial Oil Ltd., 56 Church St., Toronto 1, Canada 
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sions a few thousandths of an inch deep. 
A commercially-available pitting machine 
is used, distributing the marks in an ir- 
regular pattern over the work as it is held 
in the lathe or jig. After this preparation, 
metal spraying must be commenced im- 
mediately and carried through to comple- 
tion over the entire area of prepared sur- 
face. 


Rate of metal spraying, feed and gage 
of wire, and temperature of spraying all 
depend on the material sprayed. Tem- 
peratures particularly must be closely 
controled, The spray head is specially 
equipped to accurately meter flow of com- 
bustible gases to the mixing nozzle and 
the head is mairtained a fixed distance 
from the work, Extensive experimenta- 
tion with different alloys and on various 
jobs was used to determine the setting 
values followed. Hydrogen, propane, 
natural gas and acetylene are employed, 
depending somewhat on nature of the 
work but mcre particularly on the alloy 
being sprayed. 


“Homogenizing” Operation 


Flaming the coating until all porosity 
is eliminated c'osely follows spraying. The 
exact interval between spraying and this 
“homogenizing” operation is dependent 
on the alloy and the distance between 
spray and “homogenizing” heads per- 
mitted by the work. The homogenizing 
head consists of multiple flame nozzles 
surrounding the work or at least covering 
the area coated by the spray and follows 
it as the assembly moves along. 


In no case is the heating during homog- 
enizing carried to a point where the 
coating will alloy with the base metal 
on which it is deposited. Generally a 
depth of only a few thousandths of an 





FW c-Vvi 








FW c-Vv 


Fig. 1—Samples of steel bar stock, spray-coated with various alloys to demon- 
strate appearance of coating and resistance to chipping and peeling. Extreme 
left is a Fanweld coating. partially ground away; next is Colmonoy VI, similarly 
treated and surface partially machined. The two center samples are, respectively, 
Stellite VI. and Resistalloy: edge of coating is brighter than base metal. Last two 
are Fanweld and Colmonoy V. Fanweld sample has been ground to expose base 
metal; note bond between coating and sieel. Colmonoy-coated sample has been 
sawed and beaten in altempt to detach or chip coating 


inch in the coating becomes hot enough 
to flow. Due to as strict a control of tem- 
perature as practiced in spraying, the 
surface also is heat-treated and annealed 
to the extent that ordinarily no further 
heat treatment is required. However, in 
some special service applications further 
heat-treating by induction heating is em- 
ployed. 


Following “homogenizing,” the surface 
is ready for machining, grinding or polish- 
ing as the service may require. Should a 
porous surface be desired, the final 
homogenizing may be safely eliminated 
with many alloys or, better, the coating 
is first built up to less than desired depth 
by the complete procedure, followed by 
re-spraying with a very thin coat which 
is not homogenized. The latter, while giv- 
ing poresity desired in some applications, 
has the advantage of protecting the base 








Fig. 2—Hastelloy-coated studbolts for corrosion resistance. Threads are cut in the 
coating. a safe practice because trim will not peel or chip off when bonded by 
new process 
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metal from corrosive with the non-porous 
undercoat. 


Equipment is Portable 


The equipment for the process is 
readily portable, exterding the method 
to coating large vessels in the field. In 
this case the work is best prepared by 
blasting with steel grit, followed by arc- 
pitting as in the shop. A jig must be set 
up, however, which will hold the spray 
and homogenizing heads, since they must 
be maintained a fixed distarce from the 
work and rate of travel clcsely controlled. 
This is a departure from conventional! 
hand-spray procedure using the multiple- 
pass technique, but has the advantage of 
leaving behind it a completely finished 
coating with a single pass. 


Especially with certain alloys, the whole 
job must be done correctlv the first time, 
including “hcmogenizing,” since other- 
wise cracks will develop in the coating 
thrcugh unequal exparsion. Attempts to 
repair an improperly placed coating pro- 
duce more cracks. The only satisfactory 
solution is to completely machine away 
the faulty coating and start over. 


Method Distorts No More Than Old 


Undoubtedly some will question im- 
mediately the practicality of this method 
of metal-spraying for such applications as 
pump rods, gears, crankshafts and the 
like, on grounds that heating during 
homogenizing will distort the part either 
in the coated or uncoated area. A com- 
pany official states there is no more dis- 
tortion resulting from the method than 
there is with older techniques. The part 
is not heated throughout during homogen- 
izing. This is not necessarily to avoid 
distortion but to prevent interpenetra- 
tion of the coating with the base metal. 
Extent of heating is controlled as carefully 
as is the case with the now common proc- 
ess of surface hardening by induction 
heating. Finishing by machining or hon- 
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Fig. 3—Plug-valve retrimmed with Hastelloy “B” over Monel 
after manufacturer's coating failed after 30 days’ exposure 
to anhydrous hydrofluoric acid in an alkylation plant 


Fig. 4—Same valve after three years’ exposure to AHF. 
Note the unretouched photo shows no evidence of damage 





ing takes care of any minor distortion 
which may occur. 

In the past several years Alloy Weld- 
ing & Mfg. Co. has successfully alloy- 
coated such parts as pump rods and im- 
peller shafts for turbines and pumps, 
crankshafts for engines and compressors, 
cylinder liners, pistons and many types 
of valves with the Stellites and Hastel- 
loys, Resistalloys, Colmonoys, _ nickel 
and nickel steels, chromium and stainless 
steels, and other non-ferrous metals. Al- 
most unbelievable hardness values in 
Rockwell and Brinell systems have been 
developed in these coatings, such as the 
customary 76 Brinell with some of the 
Stellites. 

Coated specimens have been tested 
repeatedly for mechanical failure. Urless 
the coating is an especially brittle or 
hard alloy, such as those used for ab- 
rasion resistance, it will not chip. Sam- 
ples of steel rod sprayed with Stellite IV, 
Resistalloy, Colmonoy V and VI, and 
Fanweld, shown in Fig. 1, have been 
beaten with hammers, sawn partially 
through, or squeezed in a_ hydraulic 
press in unsuccessful attempts to de- 
tach the deposit. The flange and valve 
stud bolts in Fig. 2 are coated with 
Hastelloy to resist acid corrosion. Threads 
have been cut in the coating, do not 
give way in service. 


Successful Case Histories Reported 


Inspection of Alloy Welding’s files 
reveals a number of “case histories” of 
interest. 

Steel crankshafts from high and low 
speed Diesel engines, rarging from 65 
to 165 h. p., have been built up at the 
bearing-points with various alloys. In 
most cases the damage was from wear 
but in several the crankshafts were also 
broken. They have uniformly lasted at 
least twice as long as the original shafts 
and in no case have they failed from 
cracking or flaking. No evidence of in- 
terference with the original heat-treat- 
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after this severe service 





ment of the base metal has appeared 
upon inspection, The engines have been 
in severe service on drilling rigs; most 
of them belong to a single owner. 


A large number of steel plug valves 
with alloy trim, used in anhydrous hy- 
drofluoric acid service at alkylation 
plants, have been re-trimmed by the 
process. As furnished by the manufac- 
turer, the new valves failed in from 30 
to 60 days. Fig. 3 shows the appearance 
of such a valve after lining with Stellite 
VI over a seal-coat of monel. None of 
the lined valves have failed subsequent- 
ly. Fig. 4 shows one of the valves after 
3 years exposure to anhydrous hydro- 
fluoric acid in an alkylation plant. 


Identical valves with original alloy 
trim, used in hydrochloric acid service 
at an isomerization plant, lasted from a 
week to 30 days. Retrimmed by spraying 
with Hastelloy, they have lasted from 
two ard one-half to three years without 
a recorded failure. 

The same type of valve with various 
alloy trims had a service life of 30 days 
in paper mills, where they must with- 
stand a mixture of 70° Be canstic com- 
bined with wood pulp and occasional 
metal particles at 200° F. and 300 psi. 
Relined with Hastelloy “D” by this 
process, no failures have occurred since 
installation a year ago, although it has 
been necessary to dismantle some sever- 
al times to dislodge pieces of metal en- 
trained by the liquid. Inspection during 


these occurrences indicated a still in- 
definite life for the coating, 


In sulfuric acid service, with con- 
centrations of 65% or below and tem- 
peratures up to 300° F., similar valves 
lasted from 30 to 90 days with the 
former alloy trim. Retrimmed with a 
special Hastelloy, they now have been in 
service one year without failure. 


Coatings Acid Resistant 


Other valves, notably line valves, have 
been coated with Hastelloy to resist 
corrosion and erosion from high sul- 
fur crudes for numerous oil companies. 
No valves have failed from a break in 
the coating. Similarly, centrifugal pumps 
have been relined to resist corrosion 
from all commercial acids. Liners and 


rods for reciprocating pumps have also 


been refinished to resist corrosion. 


Alloy Welding now is perfecting a 
special alloy coating process to over- 
come the corrosion evidenced in some 
condensate production. Lining the pipe 
is simple enough, according to a com- 
pany official, by simply slipping an alloy 
sheet into the pipe and seal-welding. 
Difficulty is in the couplings and other 
fittings, which must be similarly pro- 
tected at the threads. Sample fittings 
with sprayed or weld-deposited alloy 
coatings, sufficiently thick to take the 
necessary threads, are undergoing service 
tests now. 
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Fractionating Techniques 


Wartime Investigations Show How to Increase 
Capacity and Efficiency of Towers by Applying 
Engineering Techniques to Remove Bottlenecks 


By J. J. CICALESE, J. A. DAVIES, P. J. HARRINGTON, G. S. HOUGHLAND, 
A. J. L. HUTCHINSON and T. J. WALSH 


Methods are discussed for improving the capacity and efficiency of 
existing standard bubble tray towers for the fractionation of hydrocarbon 
mixtures by eliminating bottleneck conditions. The methods described are 
the result of wartime investigations by PIWC’s Technical Advisory Committee, 
in which the authors collected all cvailable information on how to get the 


most production from fractionators. 


The main body of the paper is concerned with possible tower bottle- 
necks and reasons for poor efficiencies, together with suggestions for over- 


coming them. 


The authors discuss operating procedures, instrumentation, 


and changes outside and inside towers to familiarize operators with certain 
techniques used to improve the performance of fractionators. 


An appendix to the original paper gave data on an engineering investi- 
gation of a specific tower, in which capacity was increased by 50% with 
only minor changes in design and operation, but is eliminated here. 


URING the war the petroleum indus- 

try, through the Petroleum Industry 
War Council, gave freely of technical 
knowledge and manpower that the armed 
services might not lack petroleum prod- 
ucts. This service was spearheaded by 
the Technical Advisory Committee (a 
subcommittee of the Technical Commit- 
tee of the council) under the chairman- 
ship of T. G. Delbridge of Atlantic Re- 
fining Co. With K. G, Mackenzie of The 
Texas Co. and A. E. Miller of Sinclair 
Refining Co. as its secretaries, this group 
collected from the entire industry a great 
deal of valuable technical information 
which was distributed, at the direction 
of PAW, to all those able to use it in 
advancing our success in the war. 

One of the assignments of TAC Pri- 
mary Processes Subcommittee was to 
develop all possible information on how 
to get the most in capacity and efficiency 
from bottleneck fractionation equipment. 
This study was one of a number of TAC 
reports on fractionation, and is presented 
here because of its continuing, postwar 
interest and its bearing on future frac- 
tionating tower designs and operations. 

The authors wish to take this oppor- 
tunity to thank and credit not only their 
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own companies, but the many others 
whose findings are reflected in this pa- 
per. 


Explanatory 


This report has been prepared in order 
to present to the petroleum industry 
some of the generally applicable tech- 
niques which have been utilized by vari- 
ous companies for eliminating obstruc- 
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tions to light-ends tower capacity or 
efficiency, 

It is felt that the ideas and principles 
included may prove beneficial in aiding 
other refiners with similar problems to 
increase their tower c2pacities or im- 
prove the quality of their products. 

This report is not intended as a text- 
book on the theory of fractionation nor 
as an instruction book on the operation 
of fractionators. However, is was felt 
that, inasmuch as this report will un- 
doubtedly be read by non-technical men 
in charge of operations, a short theoreti- 
cal description of fractionation would be 
helpful in clerifying some of the state- 
ments and comments contained in the 
body of the report. 

The body of the report contains a de- 
scription of possible tower bottlenecks 
and some reasons for poor efficiencies. 
The items discussed are by no means 
all that are possible, but include those 
which have been met with by the au- 
thors. The description covering these 
items is kept necessarily short and incom- 
plete for sake of conciseness, inasmuch 
as the actual conditions in any one case 
are complicated and varied. It is hoped 
that these short comments on various 
bottlenecks and sources of poor efficien- 
cies will stimulate thought along similar 
lines, so that the individual problems 
can be more readily solved and the frac- 
tionation improved. 

No attempt is made in most cases to 
segregate those changes which would 
improve fractionation from the changes 
to increase cap2city. Usually if efficiency 
is improved, increased capacity is at- 
tainable when separating at the original 
efficiency. Similarly, removing  bottle- 
necks in the fractionating equipment 
proper will usually improve efficiency 
if the loads are not increased. In most 
cases, both are desirable. Items such 
as mechanical difficulties in equipment 
edjacent to the fractionator tower and 
recommendation of correct instrumenta- 
tion were considered to be beyond the 
scope of the report. Packed and _ per- 
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forated plate towers were not considered. 

(Sections of the original paper, dealing 
with “What Is a Fractionating Tower?” 
and “Concentration and Temperature 
Gradients” have been omitted at this 
point—Editor.) 


Fluid Flow 
On Bubble-Cap Trays 


Flow Rates 


There are two distinct types of fluids 
with entirely different flow paths flow- 
ing in a fractionating tower. Gas or va- 
por, the major quantity of which usually 
originates in the reboiler, flows up the 
column. In theoretical fractionation cal- 
culations, it is usually assumed that the 
mols of vapor in all sections of a tower 
are the same when the charge enters at 
its bubble point. In actual towers, this 
assumption is only approximated, and in 
unusual cases the quantity of vapor var- 
ies considerably. If the feed is partly 
vaporized, this vapor combines with the 
vapor flowing up from the bottom of 
the tower and, hence, the quantity of 
vapor just above the feed tray is larger 
than that just below the feed tray. If 
the charge comes into the tower below 
its bubble point, additional vapor must 
be present in the section below the feed 
to heat the charge to its boiling point. 
Because the vapor from a reboiler fre- 
quently has a much higher temperature 
than the bottom tray, this vapor contains 
more heat in relation to its volume than 
vapor passing through the second tray 
from the bottom. Hence, the volume of 
vapor passing the first few bottom trays 
may be larger than the vapor from the 
reboiler. 

Liquid (the other type of fluid) is in- 
troduced at the top of the tower as re- 
flux, and flows down the tower crossing 
each tray, At the feed tray, this internal 
reflux is combined with the charge liq- 
uid and continues down the tower. Nor- 
mally, the quantity of liquid in the bot- 
tom section of a tower is larger than 
the quantity in the upper section. How- 
ever, if the charge enters substantially all 
vaporized but not superheated (at its 
dew point), the quantity of reflux liq- 
uid is about the same in any section of 
the tower. When the charge comes in 
above its dew point (superheated), ad- 
ditional cooling in the form of reflux to 
the feed tray from the top section must 
cool the charge to its dew point; hence, 
the liquid overflow in the top section will 
be larger than in the bottom section. 
Liquid side-stream drawoffs will de- 
crease the quantity of liquid overflow 
below the point of drawoff. If reflux is 
introduced into a tower cold or well 
below its bubble point, the reflux quan- 
tity will increase until it reaches its 
boiling point by cooling and condensing 
some of the vapors. 


Vapor Path 
In passing from tray to tray the vapor 
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goes through the uptakes, reverses its 
path, and flows in the ‘opposite direc- 
tion in the annular space between the 
caps and the uptakes. It changes direc- 
tion again to go through the slots, and 
finally bubbles up through the liquid 
on the tray. 

The pressure drop between the trays 
is the sum of the pressure drop through 
the uptakes, reversal section, annular 
section, slots, depth of equivalent liq- 
uid at the point of issuance of the vapor 
from the slots, and various entrance and 
exit losses. The following concept of 
vapor bubbling through liquid is ideal- 
ized for sake of clarity. 

At low slot velocities, the vapors form 
large bubbles in passing through the 
liquid, Under these conditions, only a 
small part of liquid comes in contact 
with the vapor, and the tray efficiency 
will be low. At moderate slot velocities, 
the bubbles will be smaller and the liq- 
uid will be well agitated, and a high 
tray efficiency results, At high slot ve- 
locities, the bubbles break down and 
coalesce with one another, and vapor 
channeling results. This results in a 
lowering of tray efficiency, as the vapor 
does not come in good contact with 
liquid. 

Visual observation of bubbling trays 
shows that, at moderate and high gas 
velocities, the liquid is well agitated and 
is broken down into foam or large drop- 
lets which bounce across the tray. These 
droplets occupy a zone that is higher 
above the top of the tray than that which 
would be occupied by clear liquid if no 
vapor were passing through the liquid. 
Above this zone there occurs another 
dense zone of smaller droplets which ex- 
tends 12 to 24 in. above the tray. The 
height of the second zone depends on 
the slot velocities, superficial velocities, 
liquid depth and rate, and increases with 
increase in superficial velocity. It is this 
zone that should be kept in the space 
between the trays; for, if it extended 
higher than the space between the trays, 
serious decrease in tray efficiency would 
result die to entrainment. Above this 
zone there is another zone composed of 
a fine mist that extends for a consider- 
able distance above the middle zone, and 
will always extend to the next plate. The 
percentage entrainment that this mist 
represents is small and, hence, has only 
a small effect on tray efficiency. There 
is one other zone that sometimes can 
be observed. This is one composed of 
clear, unagitated liquid and lying next 
to the plate surface, underneath the slots, 
and in any dead spaces in the liquid 
path across the tray. If this zone is large, 
the tray efficiency is low, as it repre- 
sents liquid that is not in equilibrium 
with the vapor. 


Liquid Path 


The liquid flows across the tray be- 
tween and over the caps, and will take 
the path of least resistance. In trays 
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which have bubble caps located close 
together, there is considerable resistance 
to flow, and the depth of liquid on the 
inlet side will be considerably greater 
than that on the outlet side of the tray. 
Under this condition the majority of the 
vapors will pass through the caps on 
the outlet side where the liquid depth 
is low and may not bubble at all from 
caps near the inlet side. If the hydrau- 
lic gradient is sufficiently large, the 
caps near the inlet side may allow liq- 
uid to backtrap through the risers to 
the tray below. If the vapor is not well 
distributed through all caps and risers, 
serious decreases in the tray efficiencies 
may result due to excessive slot veloci- 
ties at some points. 


Another effect in crossflow trays is that 
the vapor will flow across the top of the 
trays countercurrent to the liquid flow 
in order to pass through only the caps 
near the overflow weirs. This crossflow- 
ing of the vapor causes an added piling 
up of liquid at the inlet side of the tray, 
and thereby accentuates backtrapping of 
liquid through the uptakes. Whenever 
backtrapping occurs, serious decrease in 
tray efficiency results, 


At the outlet side of a tray the liquid 
flows over the weir into the downflow. 
In modern towers the pressure drop 
through the downflow is negligible ex- 
cept at the constriction where the liquid 
leaves the downflow and enters the tray 
below. The function of the downflow 
area is to provide space to disengage va- 
por that is carried over the weir with the 
liquid. A dead space of liquid just be- 
fore the weir also accomplishes vapor dis- 
engagement. The vapor must be disen- 
gaged from the liquid, or the liquid-car- 
rying capacity of the downflow will be 
markedly decreased. The height of liq- 
uid standing in the downflow must be 
that which counterbalances the pressure 
drop between the trays plus the liquid 
gradient plus the pressure drop through 
the downflow. When this liquid level 
reaches the top of the weir, the tower 
will begin to flood. In cases where va- 
por is carried through the downflow, the 
apparent density of the liquid is de- 
creased and the liquid height raised. 


A row of bubble caps normal to the 
direction of flow of liquid across the tray 
will stop bubbling when the magnitude 
of the liquid gradient at this point equals 
the average pressure drop through the 
caps bubbling. A row of caps will begin 
to backtrap when the liquid gradient at 
this point equals the average gas-pressure 
drop through the bubbling caps plus the 
distance between the top of the slots and 
the top of the uptakes. Thus, it can be 
seen that poor vapor distribution through 
the caps will result when the pressure 
drop through the caps is low, even 
though the liquid gradient is also low. 
A tray will be unstable, with the danger 
of backtrapping ever present, when the 
pressure drop through the cap is low and 
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the distance between the top of the slots 
and top of the uptakes is also small. 


Changes in Flow Rates 


In the foregoing discussion it has been 
assumed that steady rates of flow for both 
liquid and vapor were present. However, 
in actual practice both are continually 
fluctuating. 


) 


An accelerating flow pro- | 


duces an additional pressure-drop quan- | 
tity due to the acceleration, whereas a | 


decelerating flow produces a negative 
pressure-drop quantity. A rapid accelera- 
tion of charge or reflux causes a high 


temporary liquid gradient that either | 


causes the plate to backtrap or to flood. 
4 rapid acceleration of vapor-flow rate 
pushes the liquid away from the caps 
and blows the liquid off the trays. A 


rapid deceleration of vapor flow produces | 


a negative pressure drop through the 
caps, and will allow liquid to backtrap 
through the caps that are more highly 
submerged. ‘The rate of acceleration or 
deceleration is more important in pro- 
ducing these effects than the absolute 


value of liquid rate or vapor rate ex- | 


perienced during the change. 
effects, of course, cause poor efficiency; 
and, if the changes in rates occur contin- 
uously, a certain percentage of the plates 
in the tower will be upset at any one 
time, and the tower will exhibit a poor 
average efficiency. - At low loads, the va- 
por rate through the caps has a tendency 
to surge, thereby causing backtrapping 
and low efficiencies. The liquid distri- 
bution is also poor at low loads. 


Overload Conditions 


Overload conditions are present where 
vapor and liquid rates are such that a 
“flooding condition” exists. A tray will 
begin to flood when the liquid level 
standing in the downflow from the tray 


All these | 


reaches the top of the overflow weir. A | 


slight increase in load will then build up 
liquid on the tray until liquid fills the va- 
por space and enters the risers above. 
One section of a tower may flood while 


the balance of the tower can be below | 


the flood point, 
on the feed tray. 
in the top section because of flooding 
below the feed, liquid may be carried 
over in the vapor line. 


Usually flooding begins 


When flooding occurs, there is usually 
a break in the pressure gradient through 
the tower at the region of flooding with 
a much higher gradient throughout that 
region. When liquid is being carried 
overhead, additional pump-back reflux 


will have no effect on the top tempera- | 


ture or reboiler load. This is due to the 
fact that a flooding downflow will han- 
dle only a fixed amount of overflow liq- 
uid, which is usually less than the non- 
flooding downflow capacity. Additional 
pumpback reflux over this amount will 
be carried overhead directly as a liquid, 
and will never enter the section of the 
tower below the top tray. By making a 
heat balance over the tower or condenser, 
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it can be shown that a portion of the 
stream entering the condenser is not in 
the vapor state. Inasmuch as the over- 
flow liquid is limited, the reboiler load 
may not be so high as when flooding is 
not occurring. If the flood occurs at the 
feed tray, the bottoms-product quantity 
may be reduced temporarily. 

As a rule when flooding occurs, poor 
fractionation results. This may be due 
either to slugging of liquid overhead 
(“puking,” with resulting pressure and 
temperature variations), or to the in- 
creased tower pressure. In the latter case, 
the alpha values are decreased and the 
required separation is theoretically more 
difficult. Some towers have been ob- 
served, however, that have good efii- 
ciencies when the tower is operated in 
a flooding condition at the top of the 
tower only, but under these conditions 
there are no variations in temperatures 
or pressures. If flooding starts at the 
feed tray and works up the tower, poor 
separations may result. 

Flooding will start when a totally en- 
closed trap pan to a reboiler fills up to 
the bottom tray with liquid due to foul- 
ing of the reboiler, This flooding of the 
bottom downflow will cause the balance 
of the tower to flood even though the 
tower has ample capacity. 

Liquid being carried overhead is not 
a true indication of flooding, as this 
carry-over might be due to entrainment 
only. However, entrainment alone does 
not cause large amounts of liquid to be 
carried over. 


Purpose of Trays 
And Tray Efficiency 


Trays 


The modern fractionating column usu- 
ally consists of a number of trays having 
bubble caps so arranged that liquid flows 
across the trays. The vapor through the 
caps bubbles through the liquid on the 
trays. In this manner, intimate contact 
over a large surface area between the 
rising vapors and descending liquid is 
accomplished. Through this surface there 
is a material exchange between the liq- 
uid and vapor, the exchange occurring 
in both directions simultaneously, At the 
same time material is exchanged, heat 
is also exchanged. Because the vapors 
are at their dew points and liquids at 
their bubble points on the trays, sub- 
stantially all the heat transferred on any 
tray is due to an exchange of latent heat. 
Therefore, the efficiency of material and 
heat transfer must be comparable. 


Efficiencies 


There are a number of different defi- 
nitions of tray efficiency. For the pur- 
pose of this report, tray efficiency is de- 
fined as the ratio of the number of 
theoretical trays required for a given 
separation at a given reflux ratio and the 
actual number of operating trays re- 
quired for that separation with that re- 
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flux rate. A theoretical tray is one on 
which the liquid leaving the tray is in 
thermal and material equilibrium with 
the vapor leaving the tray. The two main 
factors that may affect tray efficiency to 
a large degree are underload and over- 


load. 


If, at any given point, the liquid is 
considered as flowing across the tray and 
vapor rising through the tray, there will 
be a certain ratio between the equi- 
librium actually obtained and the the- 
oretical equilibrium that could be ob- 
tained if sufficient time and surface were 
allowed. The efficiency at this point is 
termed “point efficiency.” 


On a crossflow tray, where the liquid 
is changing in composition from the in- 
let to the outlet side and where the va- 
por entering the tray has substantially a 
constant composition, the summation of 
these point efficiencies may be consid- 
erably different from the overall plate 
efficiency. In fact, in a number of cases 
where point efficiency is high, the over- 
all plate efficiency may actually exceed 
100%. 


Number of Trays 


For any given separation of a given 
feed there will be a certain definite 
fixed number of theoretical equilibrium 
steps that must be passed through in 
order to achieve the desired result with 
a given reflux rate. The actual number 
of trays required for the separation is 
then the theoretical steps divided by 
the overall tray efficiency. In practice, 
however, the column is usually equipped 
with more than the calculated number 
of actual trays, 


The additional trays are for the pur- 
pose of compensating the effects of the 
many operating variables such as feed 
rate, feed composition, degree of vapor- 
liquid contact, inaccuracies of control 
caused by instrument lag, and fluctua- 
tions in’ utility quantities or tempera- 
tures. The number of trays over the ac- 
tual calculated required will largely de- 
pend on the magnitude and rate of 
change of these variables. 


Discussion of Reflux 


Purpose of Reflux 


Reflux is introduced into a column to 
prevent constituents that are desired in 
the bottoms product from passing over- 
head. This reflux, in passing down 
through the column, absorbs the heavy 
constituents and by latent heat exchange 
the reflux is partly vaporized. The un- 
vaporized reflux from the fractionating 
section, together with the absorbed (con- 
densed) constituents that are desired in 
the bottom product, flow into the strip- 
ping section. The liquid constituents that 
flow from the fractionating section into 
the stripping section furnish most of the 
vapors that are used in stripping the 
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overhead product from the bottoms. The 
total vapor is made up of vaporized re- 
flux plus the lighter constituents of the 
feed. When producing a bottoms prod- 
uct of constant composition, additional 
heat in the reboiler will not affect the 
temperature of the bottoms product. 


Definition of Reflux Ratio 


The reflux to a column is defined nor- 
mally as a ratio rather than as an abso- 
lute quantity. For specific purposes, this 
ratio is taken at different points in the 
system, Various expressions of reflux ra- 
tio in common use are the ratio of re- 
flux to feed, the ratio of reflux to bot- 
toms, the ratio of the liquid flowing 
down inside the column to the vapor 
rising in the column. In this last case, 
there are two internal reflux ratios, viz., 
one above the feed and the other below 


the feed. 


Still another reflux ratio (as used prin- 
cipally throughout this report) is the 
ratio of the reflux from the top tray to 
the net overhead product. For engineer- 
ing purposes, it is customary to express 
the reflux ratio on a mole basis. 


Infinite Reflux Ratio 


There is a hypothetical case, used prin- 
cipally in calculations, in which a column 
is considered to be completely shut in; 
ie., no feed entering the column, no 
overhead products or bottoms products 
being withdrawn. Under these condi- 
tions, the total overhead is condensed 
and returned to the column as reflux, 
and the reflux ratio becomes infinite. In 
this case, the absolute minimum number 
of theoretical trays or equilibrium steps 
is required to accomplish a given sepa- 
ration. 


Minimum Reflux 


Considering the column as a heat en- 
gine, there is a minimum amount of heat 
required to make any separation; and 
it follows, therefore, that, irrespective 
of the number of trays in the column, 
there is a minimum reflux required for 
any degree of fractionation. 


Actual Reflux 


It has been found that the actual re- 
flux required in a properly designed and 
operated fractionating unit is not far 
greater than the minimum reflux ratio. 
It is usually most economical to operate 
a column with the actual reflux ratio 
from 1.2 to 1.4 times the minimum. If 
the column is operating with reflux ra- 
tios substantially above these limits, in- 
creased reflux will make no appreciable 
improvement in fractionation. The re- 
flux ratio for a given purity of overhead 
and bottoms products will vary roughly, 
inversely with per cent of overhead prod- 
uct in the feed. Consequently, the re- 
flux for such a separation bears an al- 
most constant ratio to the feed rate. 
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Fig. 1—Effect of Feed Preheat—Vapor and Liquid Rates 


Feed 
Feed-tray Location 

If the column is considered to con- 
sist of two parts, viz., the stripping sec- 
tion and the absorbing or fractionating 
section, it will be appreciated that, by 
varying the point at which the feed is 
introduced into the column, the num- 
ber of the trays in the stripping section 
can be increased at the expense of the 
trays in the fractionating section, or vice 
versa. In many cases the stripping prob- 
lem is more difficult than the fraction- 
ating problem, indicating that the strip- 
ping section should contain the greater 
number of trays. If the feed is intro- 
duced at too low a point in the column, 
insufficient trays are available for strip- 
ping, and there are more than enough 
trays for fractionation. Under such con- 
ditions, the apparent tray efficiency in 
the fractionating section will be very 
low, If, on the other hand, the stripping 
job is very simple and fractionation is 
difficult, the feed should be introduced 
relatively low in the column so that there 
are few stripping plates and a large num- 
ber of fractionating plates. 


Condition of Feed 


One of the important factors for maxi- 
mum column efficiency is the per cent 
of feed vaporized at the point of feed 
introduction into the column. 

Whether the job is one of easy frac- 
tionation or one of easy stripping, very 
often depends on the per cent of feed 
vaporized before it enters the column. 
If a high per cent of the feed is, vapor- 
ized, the fractionating job becomes more 
difficult and the stripping job easier. 
Therefore, the point of feed introduction 
should be lowered as the per cent va- 
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porization of the feed is increased. It is 
considered normally good practice to 
hold the per cent vaporization of the 
feed down to the per cent of feed taken 
overhead as product. 


For a given separation, with nominal 
feed vaporization, additional heat input 
to the feed will relieve an equivalent 
amount of heat from the reboiler. In a 
column overloaded below the feed and 
underloaded above the feed, a better 
distribution of load, together with higher 
fractionating efficiency or higher 
throughput, can be obtained by putting 
additional heat into the feed. 

By the term “load” we mean the 
amount of liquid and vapor passing 
through the column. As an example of 
the effect of feed vaporization on the 
amount of reflux and load in the dif- 
ferent sections of the column, reference 
is made to Figs. 1 and 2. These show 
the reflux ratio, relative vapor rates, 
relative liquid rates, and heat loads ap- 
plied as a function of per cent vaporiza- 
tion of the feed. The study was made at 
constant feed rate, and with constant 
fractionation. The optimum feed point 
was assumed for all cases. 

For the particular example, these show 
that as the percentage vaporization of 
the feed increases: 

1. The required reflux rate rises slowly 
until a feed vaporization of 12 to 18% 
is reached, beyond which the required 
reflux increases more rapidly. 


2. The liquid and vapor rates below 
the feed tray are sharply reduced for 
the first few per cent of feed vaporized, 
the rate of reduction then tending to 
flatten out. 


3. The liquid and vapor rates above 
the feed tray increase slowly for about 
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the first 15% vaporized, beyond which 
they increase more rapidly. 

It will be noted that the per cent feed 
vaporized is exceedingly sensitive to 
temperature. Obviously, it would be dif- 
ficult to control the per cent feed va- 
porized by a temperature controller on 
the feed to such a column, Under these 
conditions, the type of feed heater should 
follow more or less the pattern of va- 
porizer to be described later on in this 
paper. The magnitude of these varia- 
tions will vary with the feed composition 
and separation desired, but will tend to 
follow the general form of these curves. 

Fig. 2 shows the relative heat loads on 
the system as a function of the feed va- 
porized. It will be noted that as the per 
cent feed vaporization increases from 
zero to approximately 12 or 13%: 

1. There is substantially no increase in 
the load on the reflux condenser, 

2. The load on the preheater increases 
materially; but 

3. The load on the reboiler decreases 
an almost equivalent amount. 

4. The total heat load on the system 
remains substantially constant. 

As the per cent vaporized increases 
above 1 to 13%: 

1. The load on the reflux condenser 
increases, 

2. The reboiler load remains substan- 
tially constant. 


3. The preheater load increases. 


4. The total heat load on the system 
increases, 


Absorber Characteristics 


An absorber is similar in many respects 
to a fractionating column. However, in 
normal absorber operation, material ex- 
change takes place in one direction 
only, i.e., from the gas phase to the 
liquid phase. The absorbing medium is 
usually of low volatility, so that the 
amount of absorbing medium vaporized 
is negligible. Because material exchange 
is primarily in one direction, entrainment 
of liquid from tray to tray is very detri- 
mental to overall efficiency. 

There are a number of conditions in 
absorber operation on very rich gas, es- 
pecially at pressures in excess of about 
100 psig, in which the heat of absorp- 
tion may be great enough to raise the 
temperature of the oil passing through 
the absorber sufficiently to distill con- 
siderable quantities of the lighter con- 
stituents from the oil near the bottom of 
the absorber. These constituents would 
be reabsorbed, in turn, in the upper part 
of the absorber—setting up a large in- 
ternal recycle vapor load. This recycle 
would materially decrease the overall 
absorber efficiency. 

The heat capacity of the gas entering 
the absorber may tend to drop the bot- 
tom-tray temperature of the absorber. A 


Processinc, December, 1946 





—_— Oo rT —_ mh | 


oo ri ws 





Fractionating Techniques 





combination of the cooling effect of the 
incoming gas, together with vapor re- 
cycling within the absorber, would have 
the effect of producing in the center to 
upper part of the absorber the highest 
temperatures in the column. In order 
to combat this effect when operating on 
rich gas, it is customary to use inter- 
coolers in order more nearly to approach 
a constant temperature throughout the 
column. The intercoolers should be 
placed at the point of maximum heat 
generation in the absorber, rather than 
at the point where maximum tempera- 
ture would occur if intercoolers were 
not used. This point is frequently well 
below the center of the absorber, and 
in some cases may be only three or four 
trays from the bottom, 


Heat Load Considerations 
Effect on Product Quality 


a. Relation between heat input and 
heat removal: In a given tower, the 
quality of the overhead and bottom 
products, from a feed of given composi- 
tion and rate, is a function of: 1, the 
product rates as per cent of the feed; 
2, liquid downflow rate in the fractionat- 
ing section; 3, stripping vapor rate in 
the stripping section; and, 4, the feed 
point, Liquid downflow rate in the frac- 
tionating section is roughly proportional 
to the reflux duty. The stripping vapor 
in the stripping section is approximately 
proportional to the reboiler heat input. 
A common practice is to set the feed 
temperature (heat content) and reflux 
rate constant at values which will result 
in a reflux duty and a reboiler duty of 
the general order of magnitude required 
for the separation. The reboiler duty is 
then adjusted manually or automatically 
to maintain the exact difference between 
heat input and output required to main- 
tain the one, and only one, rate of prod- 
ucts corresponding to the desired quality. 
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In some cases the reboiler duty is set 
constant and the reflux rate raised. 


Although the reflux and reboiler du- 
ties can usually vary several per cent 
without appreciably affecting product 
quality, the relation between heat input 
and heat output in Btu per hour, as ex- 
pressed by heat content of feed plus re- 
boiler duty minus reflux duty, must be 
maintained at an exact and_ precise 
amount in order not to impair seriously 
the quality of products. This is a very 
small fraction of 1% of the reflux duty 
or reboiler duty. The maintenance of 
this exceedingly precise’ relationship be- 
tween heat input and heat output is the 
crux and essence of control. 


In general, increasing the overhead 
product rate as per cent of the feed in- 
creases the per cent of high-boiling im- 
purity in the overhead product, and de- 
creases the per cent of low-boiling im- 
purity in the bottoms product. 


All of the foregoing is illustrated by 
the case of a debutanizer taking a bu- 
tane-product overhead. The reflux rate 
is set for constant rate, and the feed 
temperature and composition are con- 
stant. With reboiler duty at a given 
value, the butane product contains 1% 
of C,, and the bottoms 0.03% C,. As- 
sume now that the reboiler duty is in- 
creased slightly to increase the over- 
head rate about 1% without changing 
the reflux rate. As the tower is already 
taking out all but a trace of C, from the 
bottoms, the 1% increase in overhead 
rate must of necessity consist almost en- 
tirely of C,, which increases the C, in 
the total overhead to 2%, while the C, 
in the bottoms will drop from its pre- 
vious value of 0.03% to, say, 0.02%. 
Routine analytical methods could hardly 
detect the change of C, in the bottoms, 
and it would probably be reported in 
both cases as 0%, or a trace. Assuming 
that the reflux rate was six times the 
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overhead-product rate, the change of 
1% in the latter corresponded to a 
change of 1% of 1/7 = 0.14% of the 
total vapor leaving the top of the tower, 
and a Btu-per-hour increase in condenser 
duty of 0.14%. The increase in reboiler 
duty which caused this change in prod- 
uct quality was the same small amount 
in Btu per hour as the increase in con- 
denser duty. However, if the reflux rate 
had been increased to maintain the same 
difference between heat input and out- 
put, there would have been no appreci- 
able change in product compositions. 

b, Change of reflux rate and reboilet 
duty at constant feed heat content and 
feed point: The heat removed by a 
given amount of pumped reflux depends 
upon its temperature in relation to tower 
top temperature. In flooded condenser 
type of control, different degrees of sub- 
cooling can change the amount of heat 
which the reflux removes by 20% or 
more. This discussion is concerned pri- 
marily with the effect of variations in 
heat removed by reflux, a function of 
both rate and temperature of reflux. For 
convenience, it will be assumed that the 
reflux temperature is not changed, so 
that the heat removed by reflux is pro- 
portional to its rate. 

For a feed of given composition and 
given heat content, the reflux rate and 
reboiler duty go up and down together. 
If the tower is in balance, and additional 
heat is put in at the reboiler, it must be 
removed by pumping more reflux; or 
if the tower is in balance, and more re- 
flux is pumped (removing more heat), 
the reboiler must supply the additional 
heat, 

The quality of both products from 
feed of given rate, composition, and heat 
content will be increased for a given 
tower within limits fixed by the num- 
ber of trays and by the maximum load 
which the tower can carry efficiently, 
by increasing reflux rate (and correspond- 
ing reboiler duty). There is a point above 
which the additional benefit will not 
compensate for the additional utilities 
consumed. Before this point is reached, 
it is possible that flooding or a falling 
off in fractionating efficiency may oc- 
cur as a result of overload on one or 
both sections of the tower. 


Maximum feed capacity for products 
of given quality calls for maximum re- 
flux rate (and reboiler duty) consistent 
without overloading either section of the 
tower to flooding point or to the point 
where efficiency begins to be impaired 
seriously, Feed rate can be still further 
increased if a sacrifice is made on the 
quality of one or both products. 

In cases where reflux is limited by 
condenser surface, fouling, or cooling- 
water temperature, and where there is 
surplus reboiler capacity, additional re- 
flux can be obtained by raising the tower 
pressure, provided the allowable me- 
chanical design pressure of equipment 
is not exceeded. The increase in tower 
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pressure will actually require somewhat 
more reboiler duty and reflux to make 
the same separation, but this may be 
more than compensated for by the in- 
creased reflux available at the higher 
pressure. 

In cases where the capacity of the re- 
flux pump limits the amount of reflux, 
additional effective reflux inside the 
tower may be obtained by subcooling 
the reflux as much as possible. However, 
as pointed out elsewhere, such subcool- 
ing reduces the fractionating efficiency 
of the top tray. Hence, the net result 
of subcooling may be beneficial or it 
may be harmful. 

c. Warm reflux: An improvement in 
the separation can sometimes be obtained 
by using reflux having a temperature 
approaching the top-tray temperature 
rather than by using a reflux well below 
its bubble point. In changing from a 
cold pump-back reflux to a warm pump- 
back reflux, the quantity being pumped 
will have to be somewhat increased so 
that the total cooling duty on the tower 
is kept the same. The increased external 
reflux, of course, does not increase the 
internal reflux in the tower. Using cold 
reflux requires that some of the tray 
area be used to transfer heat to the 
reflux to bring it up to its boiling point. 
The area used for heating the reflux will 
give poor tray efficiencies, because the 
liquid on the trays will not be boiling. 
The net effect of using warm reflux is 
to increase the number of trays in the 
tower by the one or more that effect 
separation, 


Controlling of Heat Loads 


It has been demonstrated by actual 
operation and tests of a depropanizer op- 
erating with feed of fairly uniform rate 
and composition that, when the tower is 
entirely on hand control, any two of the 
three items affecting heat, viz., feed tem- 
perature, reflux rate, and reboiler duty, 
can be set constant, and the tower con- 
trolled by adjustments of the third item 
to produce desired product quality. So 
far as the net results were concerned, it 
was immaterial, without regard to sensi- 
tivity, which of the three possible com- 
binations was used. The reason for this 
is that the changes required for control 
are insignificant compared to the total 
reflux duty or reboiler duty. 

Whereas frequently in the past it has 
been common practice to use the tower- 
top temperature or the temperature of 
the bottoms product leaving the system 
as a control point for automatically regu- 
lating the reboiler heating-medium rate 
or reflux rate, or as a guide point for 
manual resetting between inspection of 
products, there is a growing tendency in 
close fractionation to use one of the tray 
temperatures for this purpose. Although 
the temperature of the bottoms product 
and the tower-top temperature (in the 
case of pumped reflux having the same 
composition as overhead) have the ad- 
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vantage of being a function of product 
composition only and are not affected by 
changes of reflux rate or reboiler duty 
(only insofar as changes in these items 
affect quality), they have the serious dis- 
advantage, in close fractionation, that the 
permissible variations in desired quality 
of products are too small to reflect cor- 
responding changes in temperature at 
the top or bottom of the tower. 
However, these small changes in prod- 
uct quality are reflected in measurable 
changes in tray temperature in a certain 
region in the fractionating section and in 
the stripping section. Consequently, if 
heat is controlled to maintain a reason- 
ably uniform temperature in either of 
these two regions, the product quality 
will be maintained within narrow limits, 
provided two other things are not 
changed. These two items are: 


In the section above the feed— 


Change in composition of feed 
which results in change in proportion 
of light components in the overhead 
product. 

Change in ratio of rate of liquid 
downflow to rate of overhead product. 


In the section below the feed— 
Change in composition of feed 
which results in change of proportion 
of heavy components in the bottoms 
product. 
Change in ratio of rate stripping va- 
por to rate of bottoms product. 

On account of the possibility of such 
changes, it may be necessary to hold a 
different temperature at different times 
at the point used for guide or control in 
order to make required product quality. 


The choice of whether to use a tray 
temperature in the section of the tower 
above the feed or below the feed as a 
guide or control will depend, to some ex- 
tent, on location of available thermo- 
wells. If suitable wells are available in 
both sections, it is considered more de- 
sirable to use that section from which a 
substantially pure product is taken off, 
or where there is least change in propor- 
tion of components in the product other 
than the two between which separation 
is being made. The best region to use 
in a given section is the one in which 
there is the most change per tray in the 
per cent of the component which, for 
the upper section, is the high-boiling im- 
purity and, in the lower section, is the 
low-boiling impurity. It is not possible 
to generalize as to which tray tempera- 
ture provides the best indication of prod- 
uct quality, except to say that it is prob- 
ably in the middle third of the upper sec- 
tion or middle third of the lower section. 
This can be established by tray calcula- 
tions or by experimental trial. On ac- 
count of time lag, it may not be possible 
to locate a temperature controller at the 
optimum point as possible consistent with 
time lag, while the temperature at the 
optimum plant is watched as a guide for 


resetting the temperature controller. 

In controlling a tower, adjustments are 
made, either manually or automatically 
by instruments, only after indications ap- 
pear that the control point has deviated 
from the norm. Then the operator or the 
instrument moves to correct the condi- 
tion, and the tendency is to over-correct 
—tending to throw products off specifi- 
cation in the other direction, The net re- 
sult is a weaving of product quality, In 
order to obviate over-correction, such 
changes should be made by a series of 
small increments of at least one-half-hour 
intervals. In most cases, longer intervals 
are necessary. Changes should be kept 
as small as possible to avoid flooding. 
The less frequently such corrections are 
required, the more uniform will be prod- 
uct quality; also, it will be possible to 
hold impurities in both products to small- 
er percentages. A tower can have many 
times the trays, reflux duty, and reboiler 
duty to make a given separation; but, if 
control is defective, one of the products 
will contain excessive impurities while 
the other product is purer than necessary. 


Feed Consideration 


Feed Rate and Composition 


As a corollary of the foregoing, it fol- 
lows that, for the maximum uniformity 
in quality of the two products, and also 
for maintaining a very small per cent 
impurity in the two products, constant 
conditions that will not need frequent 
correction are required. It has been 
pointed out that a change in heat output 
or input in the order of a fraction of 1% 
will, if not corrected, result in an incor- 
rect ratio of overhead to bottoms prod- 
uct, greatly increasing the impurity of 
one of the two products. In practice, 
such changes may occur as a result of 
changes in temperature of reflux, feed, 
or reboiler heating medium (if gas oil) 
even though all rates are constant. In 
addition, changes of feed composition 
which necessitate changes in ratio of 
overhead to bottoms product require heat 
adjustment, and may also affect tray 
temperatures used for controlling product 
purity. It has been found necessary, in 
some cases, to provide adequate surge 
capacity in the feed to a tower (particu- 
larly the first of a number of towers in 
series), and in order to obtain reasonably 
constant feed rate and to smooth out vari- 
ations in composition. 

In a series of towers, removing pro- 
panes, then butanes, and then isopentane 
from gasoline, it is necessary that the de- 
propanizer maintain a reasonably con- 
stant ratio of C, to C, in the bottoms in 
order that tray temperatures used for 
guide or control in the upper section of 
the debutanizer will not be affected by a 
varying amount of C,.. Unless the de- 
butanizer holds a very constant ratio of 
C, to iso-C, in the bottoms, the tempera- 
ture in the upper section of the deisopen- 
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tanizer will be affected by varying quan- 
tities of C,. As it is difficult to control 
the debutanizer in this way, the next best 
thing is to operate it for almost perfect 
debutanization by keeping a little C, in 
the overhead. In this way, there will 
be practically no C, in the isopentane 
product of the deisopentanizer. 


Feed Point 


There is an optimum feed point for ob- 
taining, with the least amount of reboiler 
duty and reflux duty, the desired yield 
and quality of a product from a feed of 
given composition and per cent vaporiza- 
tion. There is another, and perhaps dif- 
ferent, optimum feed point for obtain- 
ing, with a given reboiler and reflux 
duty, the maximum yield of a product of 
specified quality. The optimum feed 
point varies with composition and per 
cent vaporization of the feed. It is ad- 
visable to determine the optimum feed 
connection by actual trial of all those 
avaliable, under normal operating condi- 
tions. If there is a major change in op- 
eration condition such as composition or 
vaporization of feed, or in ratio of re- 
boiler duty or reflux to feed, it is advis- 
able to reestablish the best feed connec- 
tion for the new conditions by experi- 
mental trial. In some cases, changing 
feed connections will be beneficial. In 
other cases, it will make no noticeable 
difference. 

When producing an overhead specifi- 
cation product such as isobutane or iso- 
pentane of satisfactory quality but with 
substantial losses in the bottoms, it may 
be possible to increase the yield of prod- 
uct by merely raising the feed point. On 
the other hand, when producing a bottom 
specification product, such as butane, of 
satisfactory quality but with substantial 
loss in the overhead, it may be possible 
to increase the yield of product by mere- 
ly lowering the feed point. 


Heat Content of Feed 


Usually the feed to a tower is partly 
vaporized, in which case increasing feed 
preheat results in increased vaporization, 
whereas a reduction of feed preheat re- 
sults in decreased vaporization. The ad- 
dition of heat is invariably accompanied 
by a temperature rise of the feed—al- 
though, as pointed out elsewhere, the rise 
may be so small in the case of a partly 
vaporized and extremely closeboiling feed 
that it is not a sensitive indication of 
heat content. 

The effect of changing the heat con- 
tent of a given feed cannot be separated 
from the resulting change of reboiler 
duty, or reflux rate. When the feed 
heat content is increased, the additional 
heat put into the system must be bal- 
anced out, either by pumping more re- 
flux, by reducing the reboiler duty, or by 
a combination of the two, If the tower 
is on automatic control, the first immedi- 
ate effect of changing feed preheat will 
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depend upon the type of control system. 
Most present-day controls are one or the 
other of two general classes, viz.: 


Maintained Automatically 
Constant Varied 
Reboiler 
Reflux rate 


General type No. 1 Reflux rate 


General type No. 2 Reboiler 

The first immediate effect of increas- 
ing feed heat content with type No. 1 
automatic system is to decrease the re- 
boiler duty by a corresponding amount 
of heat. Decreasing the feed heat con- 
tent increases the reboiler duty by the 
same amount while the reflux rate re- 
mains constant. After this first effect, 
the reflux can, of course, be reset for a 
different rate, if desired, to bring the 
reboiler back to its original duty or to 
anywhere in between. 

With type No. 2 automatic system, an 
increase in feed heat content first in- 
creases the pumped reflux rate. Decreas- 
ing the feed heat content reduces the re- 
flux rate while the reboiler duty remains 
constant. However, after this first ef- 
fect, the reboiler may be manually reset, 
if desired, to bring the reflux rate to its 
original value, or anywhere in between. 


The same net result on reboiler duty 
and reflux rate may be attained with 
either of the automatic systems if addi- 
tional manual adjustment be made. The 
effect of changing heat content of feed 
will, therefore, be described in terms of 
changes in reboiler duty and reflux rate 
—these changes bearing the relation that, 
if one is changed in one direction, the 
other is always changed a like amount in 
the other direction from a heat stand- 
point. 

It has previously been mentioned that 
it may be beneficial to change the feed 
point if there is a major change in the 
per cent vaporization of the feed. In 
general, the feed point would be low- 
ered as the per cent vaporization (and 
temperature of feed) increases. 

It may be generalized that, within lim- 
its, an increase of feed preheat at con- 
stant reboiler duty (which results in more 
reflux), or a decrease of feed preheat at 
constant reflux (which increases reboiler 
duty), will be beneficial to fractionation. 
In the first instance, the major benefit is 
keeping heavy ends out of the overhead, 
and in the second instance the major 
benefit is stripping light ends out of the 
bottoms. 

If it is desired to reduce reboiler duty, 
say to avoid overloading the stripping 
trays, it may be possible to obtain the 
same fractionation by increasing the heat 
content of the feed somewhat more than 
the reduction in heat duty of the reboiler, 
and pumping more reflux. 

If the reflux condenser fouls, seriously 
reducing the rate of pumped reflux, it 
may be partly compensated for by re- 
ducing the feed temperature to maintain 
reboiler duty at normal value, or some- 





PETROLEUM PROCESSING, 





what higher. It is worth trying as a tem- 
porary expedient until the condenser can 
be cleaned. 


If the reboiler duty falls off due to. 
fouling or other causes, it may be pos- 
sible to compensate in part for this by 
increasing the feed preheat to the point 
where the normal rate of reflux, or high- 
er, can be pumped. 

In operating a tower for the maximum 
feed rate, it is desirable to operate both 
sections of the tower at maximum load- 
ing short of flooding or serious impair- 
ment of efficiency. The same procedure 
will also be desirable for obtaining maxi- 
mum yield of one product of given qual- 
ity, or for maximum quality of both prod- 
ucts, provided a point is not reached be- 
fore maximum loading where the addi- 
tional benefits do not compensate for the 
additional expenditure of heat. If the 
feed preheat can be varied, some de- 
gree of variation in the loading of each 
section is afforded in accordance with 
the load which each section will take. 


Variation of feed preheat also permits 
determining, separately for each section, 
the load which causes flooding at a given 
feed rate. A procedure for this is out- 
lined in the following paragraphs. 


First, the load in the lower section 
which will cause flooding is determined 
by increasing reflux rate (which calls for 
increased reboiler duty) while feed pre- 
heat is maintained constant at the lowest 
possible value. When flooding occurs, 
the reflux is backed off just enough to 
bring the tower out of flooding. The re- 
boiler duty is now as high as it can be 
operated for the amount of bottoms be- 
ing made without causing flooding due 
to overloading the lower section. If the 
feed rate were to be increased, resulting 
in more bottoms, then the reboiler duty 
would have to be cut in order to prevent 
flooding. 


The flooding capacity, or maximum 
possible load consistent with good effi- 
ciency of the upper section, will now be 
established. In so doing, caution must 
be exercised so that the maximum reboil- 
er duty already established for the lower 
section is not exceeded. This calls ei- 
ther for a meter on the reboiler heating 
medium, or else a meter on the feed 
preheating medium which will permit 
calculation of the change in reboiler duty 
corresponding to different amounts of 
feed preheat and reflux rate. The reflux 
rate is now cut back still further to avoid 
operating the reboiler above its allowable 
duty while the upper section of the 
tower is loaded up. Feed preheat is 
gradually increased in small increments, 
the additional heat being taken out in 
each step by pumping more reflux. This 
is continued as far as auxiliaries will per- 
mit, until flooding results from overload- 
ing the upper section, or until fraction- 
ating efficiency falls off due to overload. 
As a last step, the reflux may be in- 
creased holding feed heat constant to 
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bring the reboiler up to its maximum al- 
lowable duty for the lower section. If 
this is done, then the upper section is 
operating with maximum reflux for the 
amount of overhead product involved 
consistent with good operation, and the 
lower section is operating with the max- 
imum reboiler duty for the amount of 
bottoms involved. However, if the feed 
rate is increased, the tower will flood at 
this reflux rate and reboiler duty, and it 
will be necessary to back off in order to 
avoid flooding. 


It follows that a higher average feed 
rate can be obtained from one of con- 
stant rate than from one of fluctuating 
rate when a tower is being operated close 
to flooding condition. It also follows that 
any changes made while establishing 
flooding or in operating near flooding 
should be made in very small increments. 
In establishing flooding loads, there 
should be a time interval of several hours 
between changes, and a tower should op- 
erate 24 hours at what is considered 
maximum loads to make sure that small 
changes incidental to normal operation 
do not cause flooding. 


As in the case of cold pump-back re- 
flux, too cold a feed temperature cools 
off a tray or so at the feed point, so that 
the liquid will not be in equilibrium with 
the vapor. If the feed is charged warm 
enough to produce a smooth temperature 


gradient down the tower, the overall tray 
efficiency will be increased. 


Optimum Pressure 


As pressure is increased in a tower op- 
erating to produce a given separation, 
the vapor load can be increased, still 
maintaining the same tray efficiency. Op- 
posing this effect is a decrease in vola- 
tility ratios of the various components 
with the resulting increase in required re- 
flux quantity to effect the given separa- 
tion. Consequently, for each tower mak- 
ing a given separation with a given feed 
stock, there is a pressure at which the 
tower should be operated to handle the 
maximum quantity, Conversely, at a cer- 
tain fixed feed rate, there is an optimum 
pressure that will give the most efficient 
separation. Of course, due to reboiler or, 
principally, due to condenser limitations, 
the optimum pressure sometimes cannot 
be attained. 

One company found from calculations 
that an 80-tray deisopentanizer tower 
charging debutanized natural gasoline, 
containing 50% by volume of pentanes 
and producing 95% pure isopentane 
overhead at 95% isopentane recovery, 
could be charged at the highest rate at 
43 psia. Another company found, for 
three of its existing towers when charg- 
ing an isopentane-npentane mixture and 
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Fig. 3—Typical instrumentation used in a fractionating column producing a bot- 





tom product of constant vapor pressure, with varying overhead composition 
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producing an overhead. of 85% isopen- 
tane or higher and a bottoms of 5% iso- 
pentane, that 30 psia, or lower, was op- 


timum, The optimum pressure did not 
appear to be the same for each of the 
towers which had different numbers of 
trays. The tower with the lowest num- 
ber of trays appeared to have a lower 
optimum pressure than the other towers. 
A similar investigation by a third com- 
pany on a deisobutanizer tower of 50 
plates charging crude alkylate, and pro- 
ducing 81.7 mole % isobutane in the 
overhead and 1.9 mole % i-C, in the 
bottoms, showed that the optimum pres- 
sure for maximum charge rate was 108 
psia. 

In the cases that have been investigat- 
ed where the data are available, it ap- 
pears that the optimum pressure occurs 
in the range where the condenser may 
limit the capacity rather than the tower 
size. If this be the case for other types 
of separations, it would be economical to 
run the tower at different pressures ac- 
cording to the seasonal variation in cool- 
ing-water temperature. In the colder 
months, the optimum pressure could ei- 
ther be attained or approached more 
closely than in the warmer months, With 
this scheme of operation, an improved 
fractionation or increased capacity could 
be attained during part of the year ra- 
ther than being limited the year-round 
by the pressure that has to be used dur- 
ing the hot months. 

Instead of seasonably changing the op- 
erating pressure in a tower, in some cases 
it might be preferable to operate the 
tower at the same pressure throughout 
the year. This pressure, however, would 
be as close to the optimum as possible 
as determined by the overall yearly yields 
and purities of the desired products and 
by equipment limitations. Under this 
scheme, the sharpness of separation would 
be seasonably varied to permit tower op- 
eration near the optimum pressure, in 
the summer the fractionation being poor- 
er than in the winter. 


Towers in Parallel 


In the case where two towers are op- 
erating in parallel, each taking a part of 
the same feed and producing a combined 
product of given specification and yield, 
it may happen that one tower has more 
trays than the other, and each tower 
may have different operating characteris- 
tics in regard to the increase of reflux 
per barrel of feed to increase of product 
purity, The tower with fewer trays may 
be operating so that a much larger 
change in reflux per barrel of feed is 
required for a given change in product 
purity than is the tower with more trays. 
A higher combined feed rate may be pos- 
sible when operating the former to pro- 
duce a product of less than specification 
purity, and the latter to produce a prod- 
uct of higher than specification purity, 
than can be obtained by operating both 
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changes in feed 


towers to make the same specification 
product. The tower which is making 
under-specification product is charged 
with a higher proportion of the total feed 
than when both towers are making speci- 
fication products. Also, this same pro- 
cedure can be used if the two towers 
have the same number of trays but dif- 
ferent tower diameters. The smaller 
tower would be charged at a rate to pro- 
duce a sloppier cut than the larger tower 
produces. 


Absorption Systems 


In absorbers operating for recovery of 
butane and heavier, the butane absorp- 
tion increases with oil circulation up to a 
point beyond which very little additional 
butane is absorbed, but a considerable 
amount of propane and lighter continues 
to be absorbed. This must be stripped 
out of the rich oil and eliminated from 
the system by one means or another. The 
net result, in some cases, of circulating 
more than the minimum critical amount 
of oil is to reduce the overall butane re- 
covery due to losses associated with elim- 
ination of the additional propane and 
lighter which was absorbed, or reduc- 
tion of capacity. 


The gas capacity of absorbers may be 
increased, or the oil circulation reduced 
for given capacity, by using an absorbing 
oil which has the lowest viscosity and the 
lowest molecular weight for the vapor- 
pressure requirements. 
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Fig. 4—Instrumentation for a column producing an over- 
head product of constant composition, with controls arranged 
so that bottom temperature may vary to accommodate 


Typical Control Systems 


In operation of fractionating columns, 
the problem of control is one that must 
be given considerable study, as a frac- 
tionating column can operate with effi- 
ciency only with good control. Fig. 3 
through 6 show a number of standard 
methods of control, It is not the purpose 
of this paper to give all the possible meth- 
ods of control, but only some of those in 
common use. Also, it is not intended 
that these control setups be taken neces- 
sarily as the proper combination for any 
one setup. For instance, the type of 
control system shown in Fig. 4 for kettle 
control might be combined with the sys- 
tem shown in Fig. 5 for pressure control, 
and other combinations might be worked 
out to meet the specific problems of any 
given setup. 


Fig. 3 shows a typical instrumentation 
used in a fractionating column producing 
constant vapor-pressure bottoms. The 
vapor pressure of the bottoms is defined 
by the temperature and pressure in the 
kettle. Therefore, it is desirable that 
the pressure tap for control be taken 
from the kettle. As the composition of 
the bottoms is defined, the composition 
of the overhead must vary to accommo- 
date variations in feed composition. To 
allow this condition to take place, no at- 
tempt is made to control the column-top 
temperature. 


The reflux is controlled by a flow-rate 
controller. The bottoms product is con- 
trolled by a liquid-level controller with 
a motor valve in the outgoing fluid line. 
If the bottoms product from the column 
is used to heat the feed by means of ex- 
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Fig. 5—Another typical instrumentation diagram for a tower 
working a substantially pure overhead product, in which the 
temperature control point is higher in the tower 


changers, it is necessary that the streams 
be maintained as nearly constant in rate 
as possible in order not to vary the heat 
input to the feed. Referring to Fig. 3, 
which shows such an arrangement, it is 
usually advisable to use a valve posi- 
tioner in valve No. 7 with a sensitive- 
type liquid-level controller A. Should 
the column be operating without a heat 
exchanger and feeding directly into an- 
other column, it is advisable that the 
same precautions be taken, on the liquid- 
level controller and motor valve as out- 
lined previously. 

It is generally considered good prac- 
tice to put the motor valve controlling 
the flow of bottoms from the column on 
the downstream side of the heat ex- 
changers and the motor valve on flow- 
rate controllers on the downstream side 
of the orifice. 

Motor valve No. 3 controlling the heat- 
ing medium to the reboiler operated by 
the temperature controller C should be 
made as nearly frictionless as possible 
through the use of a valve positioner. In 
a number of cases the preference is to 
use flow-rate controllers operating the 
motor valves, the flow-rate controllers 
being reset by the liquid-level controller 
or the temperature controller. Even if 
flow-rate controllers are used, better op- 
eration is gbtained by the use of valve 
positioners as well. | 

It will be noted that in all these illus- 
trations the feed to the column is shown 
as being controlled by a flow-rate con- 
troller F actuating motor valve No. 1. 
Such a setup is usually desirable but 
often, due to other plant conditions, this 
type of feed-rate control is not ap- 
plicable. However, in order to operate 
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a column at high capacity and with high 
efficiency, it is necessary that the feed 
rate be maintained essentially constant. 

In Fig. 3, if substantially all of the net 
overhead is condensed and withdrawn 
through valve No. 4 (operated by liquid- 
level controller B, and a very small 
umount of fixed gas is released through 
valve No. 5, poor pressure control will 
result. If this condition exists, the type 
of pressure control shown in Fig. 6, 
either with or without a pressure con- 
troller E and motor valve No. 8, would 
be applicable. 

In Fig. 3, if it is not desired to produce 
liquid overhead product, liquid-level con- 
troller B can be connected to motor 
valve No. 6 in the water line to the re- 
flux condenser, so that only sufficient 
condensation takes place to produce the 
desired reflux, the overhead product pass- 
ing off as vapor through valve No. 5. 


The control problems for columns 
making a substantially pure overhead 
product are somewhat different. Under 


this condition the overhead-product com- 
position is fixed, and the bottoms prod- 
uct must vary as the feed composition 
varies. Therefore, a definite bottoms 
temperature with a constant pressure can- 
not be maintained. Under this condi- 
tion, a constant column pressure can be 
maintained and the controls arranged so 
that the bottom temperature may vary 
to accommodate variations of feed. Fig. 
4 shows one method accomplishing this 
result. Temperature controller C has 
its bulb located in the column between 
the feed and the bottom at the point 
well within a good break in the tem- 
perature gradient. As this is a point of 
definite composition in the column, the 
pressure control should be taken from 
this point or very close to this point. 
The type of pressure control shown in 
Fig. 4 is satisfactory and very sensitive 
where the rate of liquid withdrawal 
through valve No. 4 is greater than ap- 
proximately one-eighth of the reflux 
pumped back over the top of the column. 
If the liquid withdrawal through valve 
No. 4 is very small with respect to the 
amount of reflux, this type of control be- 
comes very insensitive, and relatively 
very large variations of pressure may re- 
sult. Under these conditions, the type 
of control for pressure shown in Fig. 6 is 
preferable. 

Fig. 5 shows a kettle controlled by the 
temperature taken within the break point 
in the temperature gradient between the 
top of the column and the feed. This 
type of control is very satisfactory pro- 
vided there are not too many trays be- 
tween the point of temperature control 
and the kettle; otherwise, the lag be- 
tween the control point and the point of 
heat application is large, requiring a large 
throttling range on the temperature con- 
troller to prevent hunting. This causes 
the control to lack sensitivity, and it 
will wander far from the control point 
due to changes in feed rate and feed 
composiiton, 
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The type of pressure control shown in 
Fig. 5 depends on flooding the reflux 
condenser so that only sufficient surface 
is exposed to vapor condensation to give 
the desired rate of condensation. This 
method of control is subject to the same 
comments as given for the pressure-con- 
trol system shown in Fig. 4. This cdn- 
trol system is also subject to the further 
criticism that, if there is considerable ex- 
cess surface in the reflux condenser and 
water temperatures are low, the reflux 
going back to the column will be sub- 
stantially subcooled, This will result in 
converting some of the top trays in the 
column from fractionating trays to heat- 
exchange trays,’ with the overall result of 
reducing the total number of effective 
trays in the column. 

Fig. 6 shows a control system where 
no attempt is made to control the kettle 
temperature. This column is shown op- 
erating with a constant heat input to the 
kettle, and the reflux quantity is con- 
trolled by the temperature at the break 
point of the temperature gradient in the 
top part of the column. This type of 
control maintains a substantially constant 
vapor rate through the column, irrespec- 
tive of normal changes of fecd rate and 
feed composition. The type of pressure 
control shown in Fig. 6 is applicable to 
shell-and-tube type reflux condensers, 








and also to atmospheric sections in a 
cooling tower or submerged sections in 
a box-type condenser. 

The main column pressure control op- 
erates valve No. 9 in the vapor line be- 
tween the column and the reflux con- 
denser, Pressure controller E, operat- 
ing valve No. 8, is used to maintain a 
pressure a few pounds below the column 
operating pressure in the reflux accumu- 
lator. By bypassing hot vapors from the 
top of the column into this accumulator, 
the temperature of this accumulator will 
be raised above the temperature of the 
liquid coming from the reflux condenser. 
By maintaining the pressure in the reflux 
accumulator constant, a constant differ- 
ential pressure is maintained across the 
reflux pump, thereby giving far more 
stable operation to this piece of equip- 
ment. 


General Principles 
In Selecting 
Proper Control System 
There are certain general principles 
to be kept in mind selecting the proper 


method of control of any process. This 
point of control should be selected at a 
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Fig. 6—Control system in which no attempt is made to control kettle temperatures. 
The temperature controller in the top portion of the tower controls the quantity 
of reflux 
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handled is large, or where the change of 
temperature is large with respect to the 
change of temperatures at other points. 
An example of control where quantities 
are large will be the use of a motor valve 
in the vapor line between the column and 
the reflux condenser, as shown in Fig. 6. 
A case where the change in magnitude 
is large at one point with respect to the 
change in magnitude at another point is 
taken advantage of in the control shown 
in Fig. 6 for the temperature in the top 
part of the column. If the point of con- 
trol is properly selected, temperature 
change ‘at this point of 5° will only rep- 
resent possibly half-a-degree change at 
the column top. Therefore, the sensitiv- 
ity of control is greatly improved, In- 
struments should be so selected and 
located that their speed of response is 
at least equal to the rate of change of 
feed compositions or feed rates. The 
water temperature to reflux condensers, 
steam pressure, or heating-medium tem- 
perature is always subject to some varia- 
tion. In order to get proper control of 
the column, the instruments must be 
so adjusted that they will keep in step 
with these rates of changes of the 
utilities. 


If the response of the instruments is 
too rapid, cycling conditions will result. 
These cycling conditions are due to lags. 

One type of lag is that due to inertia 
of a large body of liquid passing through 
the system. If there is a long line full of 
liquid traveling at a relatively high velo- 
city, and if an attempt is made to throt- 
tle this liquid, the inertia of this liquid 
will tend to maintain a constant velocity 
even with considerable throttling. Final- 
ly, the velocity is checked and the motor 
valve is closed beyond the point at which 
proper flow could normally be obtained, 
resulting in overshooting the mark. 


The other type of lag which is en- 
encountered is temperature lag. In a 
column there is a large amount of metal 
as well as liquid that has a relatively 
high heat capacity. When any change of 
temperature occurs, the liquid and the 
metal must be readjusted to the new 
temperature condition. If the response 
of the instrument is too fast, over-control 
will result, and the system will start and 
continue to surge. In a great many proc- 
esses, due to variations of cooling-water 
temperature and other causes, feed com- 
position will vary from time to time. 
If instrument response is too slow, these 
feed-composition changes can produce 
surging and unstable operation through- 
out the process. 


Steam Traps 


There are a number of types of setups 
to remove steam condensate from the 
tube bundles and kettles or other heat- 
ing equipment. The methods in most 
common use are steam traps, continuous 
drains, or pots with liquid-level control- 
lers. All methods give satisfactory oper- 
ation if certain precautions are taken. The 


PETROLEUM ProcessING, December, 1946 


inverted bucket-type trap will remove 
from the system all fixed gas that may 
enter with the steam. A steam trap, if 
not properly installed, will produce a 
temperature fluctuation each time the 
trap dumps. This is ususally caused by 
the trap not being set sufficiently below 
the tube bundle, and by the condensate 
line from the tube bundle to the trap 
being too small. The use of a pot with 
a liquid-level controller or a continuous 
drain will give smooth operation, but 
may cause trouble due to gas binding in 
the tube bundle. This can be overcome 
by installing a small line from the top 
of the condensate pot to the condensate 
line bypassing the motor valve, If a 
small amount of steam is continuously 
withdrawn through this bypass, fixed gas 
will be removed continuously from the 
system. 


Reboiler Trouble 


Small Reboiler Surface 


Frequently the reboiler surface is too 
small for the required load. There are 
several methods that have been used to 
increase the load on the reboiler when 
the temperature of the heating medium 
cannot be increased: 


a. If a thermo-syphon reboiler takes 
liquid from the bottom of the tower, in 
some cases it is possible to rearrange 
the piping so that the reboiler receives 
liquid from the bottom tray. This scheme 
reduces somewhat the temperatures of 
the heated side. 

b. Reduce the pressure in the tower 
as far as possible. 

c. Increasing the amount of vaporiza- 
tion of the charge will take load off the 
reboiler. The effect of this on the tower 
operation is discussed elsewhere, 


d. One company injects water into 
the heated-medium stream going to a 
reboiler in order to reduce the partial 
pressure of the hydrocarbon, thereby re- 
ducing the inlet and outlet temperatures 
of the reboiler by 50 to 70° in some 
cases. In the case of debutanizers and 
also depropanizers, when producing 400- 
end-point bottoms product, the injected 
water will all condense on the bottom 
tray. Inasmuch as any corrosive com- 
pounds contained in the bottoms product 
will dissolve in the water, the water must 
be continually withdrawn and_ fresh 
water reinjected. A part of the water 
may be recirculated. Provision for com- 
bating corrosion will have to be resorted 
to in some cases. This process is protected 
by U. S. Patent 2,325,839, issued to 
Eastman and Scoville, assignors to The 
Texas Co, 


Vapor Binding 


There are two ways in which a reboiler 
can become vapor-bound with a resulting 
marked decrease in reboiler load. The 
most serious type of vapor binding is that 
on the surface of the tubes exposed to the 


heated medium. This is brought about 
by using a heating medium too high in 
temperature, causing such a rapid: heat- 
ing and vaporization of the heated ma- 
terial that a continuous film of vapor is 
formed on the tubes which effectively 
decreases the overall transfer rate. This 
phenomenon occurs when the ‘heat den- 
sity is higher than about 20,000 to 24,000 
Btu per hour per square foot. If the heat 
density is well above this figure, the re- 
sulting transfer rate will be low and the 
reboiler will operate without surging. 
However, if the reboiler is near the 
vapor-binding condition, it may surge, as 
the transfer rate will vary depending on 
the amount of vapor binding in different 
sections of the reboiler. The surging will 
be evident by fluctuating reboiler outlet 
temperature. The temperature will con- 
tinually dip below the required outlet 
temperature. This condition can be eli- 
minated by decreasing the mean tem- 
perature difference by lowering the 
heating-medium temperature to the point 
where the surging stops. 


Vapor binding in the heating medium 
can be caused by the presence of air 
or non-condensable gases which reduce 
the transfer rate appreciably. With hot- 
oil heating medium, vent valves should 
be provided so that the gases may be 
vented. With steam, the trap or con- 
densate-control valve may be bypassed 
to purge the steam chamber, or a con 
tinual small bleed stream of vapors from 
the chamber can be provided. Non-con- 
densable gases are frequently found in 


‘steam systems resulting from the water- 


treating methods used. Also, air is some- 
times drawn into the reboiler steam 
chamber through the condensate trap if 
the condensing pressure is close to at- 
mospheric pressure. The trap will not 
operate properly under these conditions. 
If this is the case, the condensate piping 
can be so arranged that the bottom tubes 
are kept flooded with water, thereby 
blanketing these tubes. The consequent 
effective reduction in reboiler surface 
will automatically raise the condensing 
of temperature and pressure of the steam. 
In order to transfer the same amount 
of heat, a greater temperature difference 
will be required to make up for the ef- 
fective decrease in reboiler surface. An- 
other type of vapor binding in hot-oil 
heating systems is brought about by 
flashing some of the hot oil, on passing 
through the control valve, upstream to 
the reboiler. These vapors effectively 
lower the transfer rate which, in most 
cases, will cause fluctuations of reboiler 
operation. Increasing the oil pressure 
at the outlet of the reboiler or moving 
the control valve to the outlet side of 
the reboiler will eliminate the difficulty. 


Surging 


The reboiler construction may cause 
surging. Too close tube spacing in kettle- 
type reboilers or horizontal thermo-syphon 
reboilers will not allow smooth vapor 
flow. Improper baffle construction will 
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also cause vapor surging in these types of 
reboilers. In most of these cases some 
tubes or baffles may be removed without 
harming the overall transfer rates. Also, 
in some horizontal reboilers, sufficient 
vapor space is not present above the 
tubes, and surging will occur. Increasing 
this space or providing outlet nozzles 
will eleminate difficulty. 


Pressure Drop 


Another possible source of trouble with 
thermo-syphon reboilers is too small inlet 
and outlet lines or too high pressure drop 
through the reboiler, causing liquid to 
back up to the bottom tray. This trouble 
may be eliminated by increasing the line 
sizes or by removing the bottom tray to 
allow more available head to the reboiler. 
Also, in horizontal reboilers with tubes 
too close to the inlet a restriction to flow 
is present. Removing several tubes will 
eliminate this difficulty. 


Line Sizes, Vapor Binding 
Vapor Overhead Lines 


Excessive pressure drop in the over- 
head vapor line between the top of 
tower and the reflux condenser has two 
harmful effects: 

a. It causes the pressure difference be- 
tween the pressure-control point on the 
tower and the condenser to vary appre- 
ciably with changes in the amount of 
vapor flowing through the overhead vapor 
line. Each time this occurs, the automatic 
pressure controller must readjust itself, 
which tends to make pressure control 
uneven—giving undesirable surges with- 
in the tower, which also upsets tempera- 
ture control. 

b. It necessitates operating with a 
lower condenser pressure which, in turn, 
requires more condenser surface or more 
or colder cooling water. Tower systems 
have been known to be _ bottlenecked 
solely by excessive pressure drop in the 
overhead vapor line, which introduced 
an unnecessary temperature, spread be- 
tween the reboiler and the condenser. 
The excessive pressure drop in the over- 
head line may be due to small line size, 
or to a pressure-control valve in the line 
taking too much pressure drop. The rem- 
edy is obvious. 


Reboiler Lines 


If the tower nozzle and the lines 
feeding liquid from tower to reboiler are 
too small, or if the vapor return line be- 
tween reboiler and tower is too 
small, the result may be tower 
flooding, or a limitation of reboiler duty 
due to an increase in reboiler outlet 
temperature caused by the bypassing, 
around the reboiler, of some liquid from 
the bottom tray. 


Fouling on the cold side of the reboiler 
will produce the same result in certain 
types of reboilers; hence, it must be estab- 
lished whether such troubles are caused 
by insufficient line capacity or by foul- 
ing of the reboiler, In many cases, foul- 
ing can be detected by a poor heat-trans- 
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fer rate on the reboiler. When flooding 
occurs due to reboiler trouble, the tower 
starts filling with liquid from the bottom 
up, and it may be possible to detect 
this condition by a comparison of pressure 
drop across various trays, as obtained 
from gage glasses or other means. 


Water Lines 
Condensing capacity and reflux may 


be bottlenecked by inability to get enough 
through the condenser due to the water 
lines being too small for the amount of 
available pressure on the water. 


Control-Valve Sizes 


Control valves which are too small 
may introduce excessive and unnecessary 
pressure drop through line which, in 
some cases, imposes limitations on tower 
performance. However, if the control 
valve is too large, poor control will result. 
‘Temperature-control valves should be 
sized most carefully. In general, the con- 
trol-valve pressure drop should be a 
minimum of 20 per cent of the total 
pressure drop in the system. 


Condenser Arrangement 


In cases where there is series flow 
through the hot side, the cold side, or 





sive pressure drop may occur—causing 
a limitation in condenser capacity. This 
might result due to necessity for operat- 
ing at a lower pressure, or to inability to 
get sufficient water through the con- 
denser. The capacity of the condenser 
may be increased by rearranging the 
sections for parallel flow on the side 
where pressure drop is excessive. 

In condensing a liquid where little 
change in temperature is involved, as in 
the case of pure components, or a mix- 
ture of very close-boiling components, 
internal baffling on the hot side of the 
condenser is not necessary. If there are 
closely spaced internal baffles, the pres- 
sure drop through the hot side of the 
condenser may be reduced by respacing 
the haffles as far apart as is consistent 
with the tube supports. 


Operating Changes 


Bypassing Vapors Around Tower 


At times it is possible to increase the 
apparent capacity of a fractionating col- 
umn by flashing the feed and by passing 
the vaporized portion around the col- 
umn, thereby relieving the load on the 
fractionating equipment. This has been 
successfully accomplished in rerunning 
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proximately 50% of the alkylate is 
flashed off prior to entering the fraction- 
ating column, the alkylate produced will 
have the same characteristics as if all the 
alkylate had passed through the frac- 
tionating column. As this alkylate has a 
very narrow boiling range, it is prac- 
tically impossible to control the per- 
centage of vaporization by tempera- 
ture. 

Fig. 7 shows the method of accom- 
plishing this controlled vaporization. The 
unvaporized feed enters the flash cham- 
ber through flow rate controller A. 
The vapors leave the flash chamber, pass 
through the flow controller B which is 
reset by flow controller A. Flow con- 
troller B operates motor valve No. 1 in 
the heating medium to the flash cham- 
ber. Pressure controller C maintains 
a constant pressure on the flash chamber 
by controlling motor valve No. 2 in the 
vapor line between the flash chamber 
and the vapor line from the top of the 
column. Liquid-level controller D, op- 
erating motor valve No. 3, withdraws the 
unvaporized portion of the feed through 
the preheater into the column. 


There are a number of cases where, 
due to the heavy nature of the base 
stock, substantial vaporization can be 
taken on column feeds without mate- 
rially affecting the purity of the column 
overhead product. This method of 
vaporization can also be used to advan- 
tage on a narrow-boiling feed stock to 
a column where it is desired to main- 
tain a constant percentage of feed vapori- 
zation. 


Rearranging Order of Fractionation 


The overall capacity of a system of 
fractionating towers can be often in- 
creased by changing the order of frac- 
tionation, taking advantage of variations 
in size of this equipment to produce 
the desired cuts. 


Taking Side Cuts 


In a number of instances where the 
overhead product from a column passes 
into other columns for further fractiona- 
tion, it is often possible to reduce mate- 
tially the quantity of bottom products 
from the second column by taking a 
side stream from the preceding column. 
This side stream can be withdrawn at a 
point in the column and at such a rate 
that, when it is combined with the bot- 
tcms product from the second column the 
amount of light overhead product in the 
resultant stream does not materially ex- 
ceed the normal content of this prod- 
uct in the bottoms from the second col- 
umn when not withdrawing a side stream. 
Also, this side-sream product must not 
contain a sufficient quantity of the next 
heavier component to damage the bot- 
toms product from the second column. 
sy taking a side stream from the first 
column, the kettle temperature in the 
succeeding column will be reduced— 
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Fig. 8—Method of feed introduction 








thereby greatly increasing the effective- 
ness of the reboiler, both from a heat- 
input standpoint and from a stripping- 
duty standpoint. The stripping duty is 
principally reduced by reducing the 
quantity of bottoms product from the 
second column. 


The principle may be applied in much 
the same way when the bottoms from a 
column receives further fractionation 
in a second column, in which case the 
side stream from the first column would 
be combined with the overhead from 
the second column. Additional reboiler 
capacity is thus made available in the 
second column. The amount of addi- 
tional capacity is that formerly required 
to vaporize the fraction withdrawn as 
a side stream from the first column. 


A side stream is often useful in an 
existing fractionation system when it be- 
comes necessary to make sharp cuts on 
both ends of a column operating at an 
excessive rate. The side stream is used 
in this instance as a slop cut. 


Feed Conditions 


As pointed out previously herein, the 
conditions of the feed, ie., its proper 
temperature, per cent vaporization, and 
feed introduction into a column, can 
have considerable effect on the overall 
tower capacity and efficiency. There- 
fore, this problem should be given seri- 
ous study before deciding that equip- 
ment is to’ small or has reached the 


limit of its fractionating efficiency. 

In a number of cases, one column is 
fed with two materials of substantially 
different composition. By introducing 
these two streams separately into the 
column, and under proper conditions of 
temperature and vaporization for the 
points of feed introduction, additional 
capacity and fractionating efficiency can 
be obtained. 


In some cases, where a very small 
percentage of the feed is taken off as 
bottom product, an unstable operating 
condition results. The column has a 
tendency to surge, thereby reducing ca- 
pacity and fractionating efficiency. This 
condition can often be corrected by re- 
cycling a portion of the bottoms prod- 
uct so that sufficient liquid is withdrawn 
from the bottoms at all times to main- 
tain stability. In order properly to strip 
the bottoms under these conditions, the 
reflux rate and heat input to the column 
may have to be increased. 


One cause of poor stability due to 
too small a percentage of bottoms prod- 
uct is insufficient liquid on the trays 
below the feed. Trays, in general, have 
a minimum liquid rate at which they 
will operate efficiently. There are cases 
where the normal liquid rate through a 
column is less than the weep-hole ca- 
pacity of the trays. As a result, the 
trays are running dry, arid no real con- 
tact between the descending liquid and 
rising vapors is obtained. 
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How modern is your 
POWER PLANT? 


M” refiners have been so concerned 
with keeping abreast of process tech- 
nique that their power generating plant and 
equipment have become relatively obsolete. 
Both power costs and plant reliability should 
be kept as fully up-to-the-minute as process 
technique if full economy is to be obtained. 


Kuljian Engineers have specialized for years 
in power plant design, construction and 
operation. It will pay you to call on us for 
assistance in the modernization of your power 


plant. Your inquiry is invited now. 


THE KULJIAN CORPORATION 


Engineers . Constructors 


1518 Walnut Street - Philadelphia 2, Pa, 
New York 6 Washington 5 
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Changes Inside Towers 


Level Trays 


In order to maintain efficiency in « 
column, it is necessary to have an equa! 
quantity of liquid passing each cap. On 
of the brief requisites for even distribu- 
tion over the tray is levelness. Great 
care should be exercised to see that al! 
the trays are level. All the caps in « 
row must likewise have the same sul 
mergence. If the tower has a high hy 
draulic gradient across the trays, th: 
caps nearest the inlet downflow mus: 
be set higher than the caps next to th 
outlet downflow. If the overflow weirs 
on the tray are not level, improper dis 
‘tribution of liquid across the tray wil! 
result, as most of the liquid will flow 
to the low point of the weir. Therefore 
the overflow weirs on a tray should be 
straight and level. It is sometimes nec- 
essary to install some method of distrib- 
uting the liquid, epecially at high liquid 
rates, on the inlet side of the tray. 


Inlet Nozzles 


In a great many columns it is the 
practice to introduce the feed at almost 
any point on the circumference of the 
tray. If the column has an excess num- 
ber of trays, this practice may not show 
any material decrease of fractionating 
efficiency. However, if the column is 
operating close to the minimum number 
of trays, it is important that the feed 
be introduced in such a way that the 
liquid flow across the trays is not upset. 


One method of accomplishing the feed 
introduction without upsetting the flow 
across the tray is shown in Fig, 8. The 
liquid is introduced through the feed 
nozzle against a baffle which deflects 
the liquid portion of the feed into the 
down spout from the tray above the 
feed. Vapors in the feed are released 
into the space between the tray above 
the, feed and the tray second above the 
feed. In this manner, the liquid flow is 
vot disturbed on any of the trays. The 
objection to this method of feed intro- 
duction is that the tray above the feed 
is bypassed by the vaporized portion of 
the feed, but it is believed that the loss 
of vapors through this tray is not so 
damaging to the tower operation as the 
disturbance of liquid flow with its re- 
sultant channeling. However, if the 
charge is introduced at a temperature 
considerably higher or lower than the 
charge-tray temperature, putting the 
charge into the downflow may cause 
vaporization in the downflow, resulting 
in vapor binding and flooding. In this 
case, the charge should be introduced 
in the center of the tray. 


Cap and Uptake Layout 


When the number of caps is in excess 
of that required to maintain good slot 
velocities, and when the gas pressure 
drop is low compared to the hydraulic 
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eradient, some caps and risers should 
he removed. A guide for removal fol- 


lows: 


|. If the space between the downflow 
from the tray above and the nearest 
cap is less than 3 in., and no vapor dam 
or blanked slots are present, the row 
next to the downflow should be removed. 
If the caps are closer, there is a possi- 
bility that they will blow gas up inside 
the downflow, breaking the seal and 
causing the liquid to pour down the 
risers. Once this process starts, the tower 
operation will be stable, but the gas go- 
ing up the downflows and liquid down 
the risers will result in poor fractionation. 


2. The row next to the weir should be 
3 in. away from the overflow weir. If 
the caps are closer, they will blow liquid 
off the tray, and the actual static sub- 
mergence will be considerably less than 
desired, The larger this space, the 
better will be the vapor disengaging of 
the liquid entering the downflow. 


Caps which are. less than 1% in. apart 
are undersirable. Caps closer than this 
will cause the vapor to channel more 
easily through the liquid. 


Removing caps will decrease the liquid 
gradient; but care must be taken that 
channels are not created, resulting in poor 
liquid distribution. 


If it is discovered, by calculation of 
the hydraulic gradient of clear liquid, 
that poor vapor distribution is present 
even though the slot velocities are high, 
the following changes can be made: 

1. Raise the caps higher from the 
trays at the inlet end of the tray to com- 
pensate for the liquid gradient. Other 
rows of caps may be raised but to a 
smaller degree. 


2. Provide restrictions in the uptakes 
next to the outlet end to compensate for 
the small liquid head that the gas has 
to bubble through at this end. Providing 
restrictions makes a more stable tray, and 
will make it possible to have a static 
seal of all the slots and the weir which 
might not be the case if some of the caps 
are raised. 


The foregoing comments apply _prin- 
cipally to cross-flow trays with round, 
hexagonal, or similar types of caps. In 
the case of trays with circular downflows 
distributed over the surface of the tray, 
the liquid gradient is usually small, be- 
cause the length of travel is short, Trays 
with long, rectangular caps have also 
small liquid gradients. However, with 
these trays caps should not be placed too 
close to downflows. 


In cases where the possibility exists of 
blowing gas up the downflows, a weir 
can be installed upstream to the first 
row. Care must be taken to leave suffi- 
cient space for the liquid to flow over 
the weir from beneath the downflow. 
Another way of accomplishing this is 
to blank off the slots next to the down- 
tlow. The slots on the caps next to the 
overflow weir can also be blanked off 
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THIS FOLDER 


| fells the difference 


Some steam traps regularly become air-bound, 

while others discharge air as fast as it collects 

. . . Some steam traps keep equipment bone-dry 

every minute, others keep equipment flooded 
half the time. 










Why do trapping results vary 
so widely? This folder tells you 
why—and how! It can help you 
in choosing the steam trap for 
your needs. Get it and read it 
now — then file it for future 
reference. Write today for this 
free folder. 


THE V. D. ANDERSON COMPANY 
1950 W. 96th St., Cleveland 2, Ohio 


s AN ELBOW 
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FREE REPRINTS 


Single copies of any or all of 
the following articles will be 
given free, on request, as long 
as supply lasts: 


ANALYZE ADDITIVE LUBRICANTS IN 

MINUTES INSTEAD OF HOURS WITH 

SPECTROGRAPHIC METHOD—(By Lyle E. 
Calkins and M. M. White)—An explanation 
and discussion of a _ recently developed 
method for analyzing additive lubricants... 
The method described is faster than con- 
ventional chemical methods, but is claimed to 
be equally as accurate... Illustrated with 
tables, graphs and photos. 


CONDENSATE FROM NATURAL’ GAS 

YIELDS MOTOR FUEL DIRECTLY—(By 
George G. Brown) —Explains the advantages of 
using “condensate” to secure finished motor 
fuels of satisfactory volatility instead of for 
blending. The motor fuels thus secured meet 
the new federal specifications and are com- 
petitive with other fuels. 


ENGINE OIL FOAMING—(By H. A. Ambrose 
and C. E. Trautman)—Outlines test pro- 
cedures for evaluating foaming characteristics 
of lubricating oils, and describes anti-foam 
agents which eliminate foaming under most 
conditions during the life of the oil and 
which have no detrimental effect on the oil, 


HYDROFORMING—A CATALYTIC METH- 

OD FOR NAPHTHA UPGRADING—(By L. R 
Hill, G. A. Vincent and E. F. Everett, Jr.)— 
Describes in detail the new Hydroforming 
process for producing a high-octane aromatic 
gasoline free from olefins... Discusses relation- 
ship of yield to octane number, also lead 
susceptibility . . . Gives operating statistics 
comparing the use of crude and naphtha as 
charge stocks . . . Illustrated with tables, 
graphs and photos. 


NEW METHODS OF FIGHTING OIL FIRES 

ARE GIVEN FULL-SCALE TESTS IN 93-FT. 

TANK—(By W. F. Bland)—Effectiveness of 
Mechanical Foam and of Water Spray are 
demonstrated in four-day experiments on 
32,000-bbl. crude storage tank. 


PIERCED PLATE CONTACTING TOWERS 

USED FOR TREATING WITH CHEMICAL 

SOLUTIONS—(By D. O. Swan and S. M. White- 
hill)—Discusses advantages of pierced plate 
towers over conventional packed or orifice 
mixing columns for treating hydrocarbons 
with chemical solutions. 


PROGRAM FOR LOSS CONTROL IN MANU- 

FACTURING AND HANDLING OPERATIONS 
—(By J. H. McClintock and R. S. Piroomov)— 
Description of a method of “anticipated re- 
covery” based on 100% weight balance; 
includes methods for isolating the source of 
losses in handling and refining operations, 
and developments for the reduction and 
continuing control of losses. 


SYNTHESIS OF ACETONE FROM ACETY- 

LENE—(By A. S. Broun, O. S. Kuratova, D. V. 
Mushenko and R. P. Urinson)—A translation 
from the Russian by Dr. J. G. Tolpin with 
illustrative charts and tables describing the 
various effects obtained in the experiment. 


UNITIZED CYCLING OPERATIONS AT 

HAYNESVILLE INCREASE ULTIMATE RE- 

COVERY 8 MILLION BBLS.—(By B. R. Carney) 
—Explains the organization and advantages 
of an operators’ cooperative plan for pressure 
maintenance in oil field operations. 


Mail your request for the 
above free reprints to: Read- 
ers’ Service Department, 
Petroleum Processing, 1213 
West Third Street, Cleveland 
13, Ohio. 








318 






Fractionating Techniques 











to prevent blowing the liquid off the 
tray. 

Holddown bars ‘located on top of caps 
appear to offer a large resistence to flow, 
and will cause large liquid gradient even 
if the clear liquid level is below the bars. 
In the case of oblong caps where the 
flow of liquid is straight across the plate, 
the holddown bars should not affect the 
liquid gradient nearly so much if they 
are located parallel to the liquid flow. 
Holddown bars should be located, if 
possible, underneath the tray so that they 
cannot offer resistance to liquid flow in 
any manner. 


In some cases the length of an over- 
flow weir is so short that the height of 
liquid flowing over is large and the gas- 
pressure drop through the trays is high. 
It might be undesirable to lower the 
weir to reduce the liquid head-on the’ 
tray, as a negative static seal might re- 
sult. In this case it might be possible 
to remove the row of caps next to the 
weir and replace the straight weir by a 
zigzag weir, thereby increasing the ef- 
fective length of the weir upwards of 
30%. 

In some trays the constriction area in 
the downflow to the tray below should 
be increased by removing a portion of 
the bottom of the downflow, 


When the caps are cast-iron, they 
can easily be replaced with gage metal 
caps, with a resulting increase in tower 
capacity. The capacity increase is accom- 
plished by appreciably lowering the hy- 
draulic gradient and by decreasing the 
pressure drop between the risers and 
caps. A much smaller increase in tower 
capacity is realized when the risers are 
also changed from cast-iron to gage 
metal. 


Study of Alkylation Plant 
Isobutane Tower Performance 


(An appendix to the original paper 
presented the results of two detailed 
tests on an isobutane tower, designed 
to increase its performance. Only the 
introduction and description of the 
tower, tests and changes are given 
here; the discussion and calculations 
are omitted—Editor ). 

This report presents a study of the 
data from two detailed isobutane tower 
tests at the Baton Rouge refinery of the 
Standard Oil Co. of N. J. (Louisiana 
Division). The first test was run Sept. 
30, 1940, with the tower flooded, and 


the second Oct. 16, 1942, at near the 
tower flooding point after modifications 
had been made to the plates and caps to 
increase their capacity. 

These tests included plate analyses, 
differential pressures every fifth plate, 
and measurement of liquid height in the 
downcomer in the 10-ft., 50-plate tower 
The: principal test results are shown in 
Table 1. 


Description of Tower 


The isobutane tower in the No. 1 Baton 
Rouge alkylation plant is designed to de- 
isobutanize completely preheated total 
reactor effluent. It produces overhead an 
isobutane-rich stream which is_ totally 
condensed, a portion returning to the 
tower as pump-back reflux. Heat is sup- 
plied to the bottom of the tower by a 
low-pressure-steam kettle-type reboiler. 

The 10-ft. by 135-ft. tower is equipped 
with 50 trays spaced at intervals of 2 
ft., 3 in. Every fifth tray space, com- 
mencing with that between trays 5 and 
6, is 3 ft., 2 in. (Throughout the report, 
tray numbers are designated as the num- 
ber of plates from the tower bottcm). 

Between tests No. 1 and No. 2, the 
following mechanical changes were made 
to increase the liquid-handling capacity 
of the tower: 

(1) All holddown bars were removed 
from the bubble caps; individual hold- 
down bolts and “strong backs” were sub- 
stituted. 

(2) Out of 136 original caps on each 
tray, 21 were removed. Their chimneys 
were blanked on the liquid outlet side 
of each plate, in order to obtain less 
crossflow of vapors. 


Slightly modified bubble caps were 
also installed throughout the tower at the 
same time. 


For both tests, essentially constant con- 
ditions were maintained for at least a 48- 
hr. period prior to recording representa- 
tive quantity, temperature, and pressure 
measurements over a 4- to 6-hr. period. 


Results 


Subsequent to test No. 1, and before 
making the plate and cap changes, it was 
found that the maximum hot-liquid load 
that could be handled in the bottom of 
the tower without flooding was about 
24,000 b/d. Test No. 2 showed a 50% 
increase in liquid-handling capacity in 
the bottom of the tower. 





TABLE 1—Test Results 





Flooded Normal 
Test No. 1 2 
TE ie oe waa awe Reed 6S ee whew A 9,110 11,500 
a 5,770 6,570 
Total overhead vapor rate, b/d 26,000 27,400 
Hot-liquid load below feed, b/d 32,200 36,200 
Actual reflux ratio ee 3.4 3.1 
Overall plate efficiency, % eatin 75 140 
Ratio isobutane to normal butane in feed...... sal 22 1.3 
Isobutane in total Cy in overhead product, %................-00005: 86.7 80.8 
Isobutane in total Cy in bottoms product, %................2000000. <0.5 0.2 
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Analytical Methods for Binary Distillation 


An important tool in the design of fractionating is the use of analytical 
methods for calculating the number of theoretical plates required for a 
separation. These methods are based on “constant molal overflow” and 


By ROBERT R. WHITE 
Associate Professor 


and 


are applicable in many cases of distillation. 
In this current article of PETROLEUM PROCESSING’S exclusive series 
on distillation, the McCabe-Thiele method, Smoker's equation and the Fenske 


or Underwood equation, are illustrated by examples. 


W. T. BOYD 
Graduate Student 


Department of Chemical and 
Metallurgical Engineering 
University of Michigan 


Next month, in a continuation of this same subject, special applications 
of these design techniques will be taken up, covering partial condensers, 
two-feed and three-feed columns, side streams, side stream recirculation, 
and low temperature distillation. 

In the previous two articles, the basic theory of binary (two component) 


distillation was discussed. Design of fractionating columns, multiple com- 
ponent distillation, azeotropic distillation, and crude oil distillation will be 
taken up in future articles. 


W HEN ENTHALPY composition diagrams are calculated on 
a mole basis (BTU/lb.-mole versus mole fraction), the 
liquid and vapor saturation curves become nearly straight 
horizontal lines for many systems at low pressures. This is 
illustrated by Fig. 1 which shows the saturation lines for eth- 
anol—water at one atmosphere. Most hydrocarbon mixtures 
at low or moderate pressures exhibit a similar characteristic. 
The consequence of straight parallel saturation lines in frac- 
tionation is “constant molal overflow” in any section of a 
column. 


In the rectifying section of the column operating as shown 
in Fig. 1, the ratio of the moles of liquid leaving plate 1 to the 
moles of vapor rising from plate 2 is equal to the relative dis- 
tance dV./dL,. 


That is, 

ee RN iii5n854 ts ectnndeiawttetnthas nn 
Similarly, 

a ee ere (1a) 

If the saturation lines are parallel, by similar triangles 

ENE esas rrndaracricedacoaxeawen (2) 
and _ therefore 

ie SisdccviaspanchynameneSacenduhn .... (2a) 
Since 

Vs=Li+D .......... ; eee 

and | 

V;=L.4+D..... eins Sri ances Cate targ x Year eae 
Therefore 

Ii=L, and V2:=V; .......... Seiwa ease Suet (4) 


Since these relations apply to all of the plates in the rectify- 
ing section, the moles of liquid per unit time leaving all plates 
is constant and the moles of vapor rising from all plates per 
unit time is constant. This condition, known as “constant 
molal overflow,” also occurs in the stripping section, althougn 
the quantities are different from those in the rectifying section. 

When “constant molal overflow” conditions occur, the rela- 
tion between the compositions of liquid and vapor passing one 
another between any two plates of the rectifying section of a 
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column may be expressed as the equation of a straight line de- 
rived from a material balance around the top of the column. 


Yui = Tent xD Cease eden eene hae e Cees Oe eee wae Oe Ke (5} 


V 


Similarly, in the stripping section of the column, Equation 
6 may be derived from a material balance around the bottom of 
the column. 


L’ Bxg 
a 
Vy’ Vy’ 





Pa eo kc neva ere suaiate Ce 


The relation between the quantity of liquid and vapor 
flowing in the rectifying column and that flowing in the strip- 
ping column depends upon the thermal condition of the feed. 


L’'=L+qF .......... Falck ittaned acne eae jacked para 


where q is defined as the moles of saturated liquid per mole 
of feed resulting on the feed plate due to the introduction of 
the feed. ‘ 


If the feed is a saturated liquid, q = 1.0, and if it is a 
saturated vapor, g = 0.0. With a cold liquid feed ‘q > 1.0, 
and with a superheated feed q < 0.0. 


When Equations 5 and 6 are plotted as in Fig. 2 they are 
known as operating lines. These lines intersect a line x = y 
at x, and x,, respectively, and the slopes of the lines are 
L/V and L'/V’, respectively. The locus of the intersections of 
the lines represented by Equations 5 and 6 is given by Equa- 
tion 9, derived from Equations 5 and 6 and the definition of q 
(Equation 7 or 8). 


When the equilibrium data are also plotted as in Fig. 2, 
plate to plate calculations appear as steps on the chart. The 
basis for Fig. 2 is illustrative Example 3 recalculated on a mole 
basis (see Article 2, Petroteum Processinc, Nov. 1946 
p. 280). In this example the distillate product contains 77.85 
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MOLE FRACTION OF ETHANOL 


mole % ethanol, the bottom product 0.393 mole % ethanol 
and the feed 17.38 mole % ethanol, 

The feed consists of a mixture of 42.683 moles of liquid 
and 1.025 moles of vapor. The value of q is 0.9766 and the 
slope of the q-line, Equation 9, is — 41.6. Cold reflux is sup- 
plied to the column at the rate of 29.40 moles/hr. having an 
enthalpy ‘of 1990 BTU/lb.-mole. By an energy and material 
balance around the top plate, the “internal” reflux is cal- 
culated as 32.90 moles/hr. and the internal vapor rate is 
42.46 moles/hr. The slope of the rectifying section operating 
line is thus L/V = 0.775. The intersection of this line with 
the q line determines the location of the stripping section 
operating line, Equation 6. 

The plate to plate construction between the equilibrium 
lines and the operating lines may be carried out in much the 
same manner as has been shown on the enthalpy-composition 
diagrams. The overhead vapor passes reflux of the same com- 
position (x,) above the top plate and this is reflected by the 
intersection of the operating line with the 45° line of x = y. 
The liquid leaving the top plate is in equilibrium with the 
overhead vapor and therefore its composition is determined 
from the equilibrium curve. 

The vapor rising from the second plate is determined from the 
cperating line from the composition of the liquid leaving plate 
1. This procedure is continued until the feed is introduced 
when further calculations use the stripping section operating 
line. 


Reflux Conditions 


At total reflux, L = V and L’ = V’ so that the operating 
lines coincide with the 45° line. As the reflux rate is decreased, 
the operating lines depart more and more from the 45° line 
until at minimum reflux the equilibrium line is reached. In 
the above example as reflux is reduced, the operating line 
becomes tangent to the equilibrium curve at point 1 pro- 
ducing a zone of constant composition at that point corres- 
ponding to that shown previously. Where there is no point of 
inflection in the equilibrium curve the zone of constant com- 
position develops where the q line intersects the equilibrium 
line, or in other words, at the feed plate. 

The above procedure, known as the McCabe-Thiele meth- 
od™, has been widely used by chemical engineers ever since 
its publication. It is a simple, rapid method which gives re- 
sults which usually are sufficiently accurate for engineering 
work. In most cases, it is not necessary to calculate the num- 
ber of equilibrium plates with great precision because of the 
uncertainty of available data on overall plate efficiency and 
because additional plates are usually provided as a factor of 
safety. 

The disadvantage of the method is the fact that it leads to 
the unwarranted assumption of constant molal overflow in 
cases where it may not exist and may be critical. Furthermore, 
it is not easily applied to many of the more complex calculations 
such as those involving entrainment, multiple feeds, multiple 
products, etc. 

One of the advantages of the McCabe-Thiele method is in 
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fractionation calculations involving extremely dilute solutions, 
as for example in reducing the ethanol content of a water solu- 
tion to a mole fraction of 0.0001. 


As the mixtures being fractionated become more and more 
dilute, the assumption of constant molal overflow approaches 
actual conditions more closely. Calculations in the dilute end 
of the x — y diagram may be made by expanding the scales 
but in general this is not an accurate procedure. A more satis- 
factory procedure is to use a plot of log y versus log x. 


This is illustrated in Fig. 3 which shows the calculation of 
the number of plates required to reduce the ethanol con- 
centration of liquid in the stripping section of a column from 
a mole fraction of 0.01 to 0.0001 with other conditions remain- 
ing the same as in illustrative example 3. 


Dilute Mixtures 


‘Vhe equilibrium curve for dilute mixtures becomes a straight 
line on a log-log plot having a slope of 1.0. Thus, one point on 
the curve at x = 0.01, y = 0.104 suffices to determine the 
equilibrium curve in the more dilute region. The position of 
the operating line is calculated from the operating line Equa- 
tion 6. As shown in Fig. 3, the number of equilibrium plates 
required js 2.6. 

The existence of constant molal overflow also lends itself 
to the calculation of the number of plates required with the 
so-called “ideal” systems whose equilibrium r<lations follow 
easily handled laws. With these systems jt is possible to express 
the relationship between reflux ratio, composition, and the 
equilibrium relations mathematically so that the number of 
plates required to effect a given separation can be calculated 
from mathematical equations, 


Consider first the relations in a section of a tower operat- 
ing at total reflux. In a tower operating at total reflux the 
quantities and compositions of the liquid and vapor passing 
cone another between any two plates are identical. This may 
be expressed mathematically by a material balance around the 
top of the column and between the plates n and n + 1. 


Viw=Ln ... (10a) 
Vins Yung = DaXn .. . (105) 
VasiZ@Xn .. ...(10e) 


Designating the two components of the mixture by the sub 
scripts a and b the equilibrium relations of the ideal mixture 
may be expressed as follows. 





Van=KamXan (11a) 
Virn= KisnXton (11d) 
Combining Equations 10c and 11 
Sen Kb Xan 
=~ Ka ), Xbon—1 - 
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Applying Equation 12 to plate 1 





























Xavi Kb Xasro 
af —— .. (12a 
Xb Ka ) s Zhe ( ) 
Applying Equation 12 to plate 2 
Xas2 Kb Xan 
= 126 
Xie Ka ), Xb ( , 
Combining Equations 12a and 12b 
Xa _ ( Kb ) ( Kb ) Xaro (12c) 
Xe . Ka 1 Ka 2 Xbo ged 
By repeating this procedure to successive plates, 
Xarn Kb Kb Kb Ree 
Zo =~) =) ee =~) ...(18) 
Xbon Ka /,\ Ka /, Ka / xn Xvo 


With most of the ideal systems the variation of the ratio 
K,/K, with temperature is small so that an average value can 
be used. The usual procedure is to use the geometric average 
of the ratio at the top and bottom temperatures of the tower. 
Under such circumstances Equation 13 may be solved for the 
number of plates, n, to give 


ee = ee . (18a) 
. log (Ki /K.) av. ” 


This equation is known both as the Fenske® and the Under- 
wood™ equation and is useful in determining the least number 
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MOLE FRACTION ETHANOL IN LIQUID 


Fig. 3—Expansion of McCabe-Thiele diagram for low concen- 
trations 
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of plates which may be used for a given separation. Its applica- 
tion is illustrated by the following example. 


Example 4 


What are the least number of plates that can separate ben- 
zene and toluene into 99 mole % pure fractions? 


The minimum number of plates will be required in a total 
reflux operation. When a total condenser is used, the tempera- 
ture of the vapors leaving the top equilibrium plate will be 
that corresponding to equilibrium with the liquid on the top 
plate at the column pressure. This temperature must be cal- 
culated from equilibrium data. 


The equilibrium data at low pressure for the system ben- 
zene-toluene may be expressed by Raoult’s law which states 


|g, Pietro er ; (14) 
where 

P = total pressure 
x,y, = mole fraction of component 1 in the equilibrium 


liquid and vapor respectively 
Pp, = vapor pressure of component 1 at the equilibrium tem- 





perature 
also 
Kya = | | (14a) 
Xa 


and on the top plate 


P P 
Xat+x,=1.0=——y,. + ——y, .. . (16) 
Pa Pp 


b 


The dew point may be calculated from Equation 15 m 
which y, = 0.99 and y, = 0.01 by a trial and error solution 
for the temperature at which the vapor pressures p, and p, 
satisfy the equation. In this case, if the column is operated 
at 1 atmosphere pressure, the dew point temperature is 80.8° C. 
and the ratio K,/K, is 2.594. Similarly, the temperature in the 
still will be that corresponding to the equilibrium between 
liquid and vapor leaving the still. 


In this case, 


Yet Yo= 10 =e + ay ae eyed (16) 


and a solution of this equation in which x, = 0.01 and x, = 
0.99 gives a still temperature of 110.2° C. and the ratio 
K,/K, is 2.35. 


The geometric mean average value of the ratio K,/K, is 


V (2.594) (2.35) =2.47 
Substituting in Equation 13a 
( 0.99 )( 0.99 
8 \ 0.01 0.01 ) 


= =10.2 plates 
' log 2.47 amen 








Another important relation is that developed by Smoker“ 
for similar binary systems and enables the calculation of the 
number of plates required at various reflux ratios. It is particu- 
larly useful for the large number of calculations involved in 
an economic balance and also for calculating columns involving 
a very large number of plates when graphical methods become 
impractical. 


Smoker’s Development 


Smoker's development is based on the fact that where con- 
stant molal overflow exists, the operating lines may be ex- 
pressed in general terms by the equation of a straight line 
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TABLE 1—Nomenclature Used in Equations and Charts 
in the Text 


B=quantity of bottom products per unit time. 

D=quantity of distillate product per unit time. 

D,=quantity of side-stream product per unit time. 

d—difference point for rectifying section. 

d’=difference point for stripping section. 

d”, d,=difference points for sections of fractionating columns 
other than rectifying or stripping sections. 

F, F,, F,, Fs—pounds of feed streams per unit time. 

H=enthalpy of vapor streams, BTU/Ib. 

h=enthalpy of liquid streams, BTU/Ib. 

K=y/x or p,/P if Raoult’s law applies. 

L=quantity of liquid flowing per unit time in rectifying section. 

L’=quantity of liquid flowing per unit time in stripping section. 

n=number of plates between any two points in a column under 
consideration. 

O, O’=addition points for overall material and energy balances 
around a column, 

P=total pressure. 

p=vapor pressure, ; 

qQ=moles of saturated liquid per mole of feed resulting on the 
feed plate due to the introduction of the feed. 

Qs, Qp=heat absorbed by a system from its surroundings per 
unit quantity of streams B and D. 

R=quantity of reflux per unit time or moles of reflux per mole of 
distillate. 

V=quantity of vapor flowing per unit time in rectifying section. 

V’=quantity of vapor flowing per unit time in stripping section. 

x=mole fraction of a component in the liquid. 

y=mole fraction of a component in the vapor. 

«relative volatility or K,/K». 

b, c, k, m, x’,, x',—=defined in text on section on Smoker’s equation. 

Subscripts 
,1,2,...n—-l1,n, n+1,...m-—1, m, m+1=designation for 
specific plate in a column. 

a, b=designation for components @ and b. 

1, 2, 3=designation for streams 1, 2, 3. 

B, D, F=designations for bottom product, distillate product, and 
feed, respectively. 


i 











y=mx+b .... 


and the relation between the equilibrium liquid and vapor 
composition may be expressed as 


ax 


es. ee .. (18) 
y 1+ (a—1)x 


where a = K,/K, for ideal solutions or p,/p, if Raoult’s law 
applies. 

By mathematical transformation, Smoker derived the fol- 
lowing equation for the number of plates in any section of a 
column, 


a— mc? 


, me(a—1) , 
Xn 1 — TS @ 
a—mc 
Ve ee cece eee (19) 


log 


x'.(1 ~ ee yn) 





log 








2 


mc 
In the rectifying section of a column, 


m=L/V, or R/(R+1) if the reflux is returned 


i Be WE ED cisccvedesscceeceascdsavasi (20) 
eS OPED vcicasiicucssecexavacdsveriaveeeorandon (21) 
ee eee er (22) 
EE 65002000 cnccrnvdioeseeseussesreseesecut (23) 


where the feed is introduced as a boiling liquid, otherwise the 
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x coordinate of the intersection of the upper operating line with 
the q-line is used instead of x,. 


IEE anc. kvet oeedbhtchuseniesicareese venous (24 


The value of k is evaluated as the root of the following equa- 
tion between 0 and 1.0. 


aele—1)041m40le—1)—alb44a8 .......05.0..00. (25) 
In the stripping section of a column 


L’ Rxp+x.— (R+1)xp 








a or (R+1) (xp—xp) er er eS (26 ) 
(xp—Xo)Xp 
ea ar eee 27) 
(R+1) (xr—xp) ( 
Tori: 5a Ge Scien ciia imal Calida la ateteaaan (28) 
NN a ater ceo talsctt ate a ia Nae crc ola in avatew ine (29) 


The value of k may be evaluated from the quadratic Equa- 
tion 25 by usual algebraic methods or it may be evaluated 
from a nomograph previously published™. The application of 
Smoker's equation is shown in the following example. 


Example 5 


How many plates are required in the rectifying section of a 
column to produce 99.0 mole % benzene from a benzene- 
toluene feed containing 80.0 mole % benzene? The column is 
to operate at a reflux ratio of 1. The feed and reflux are to be 
saturated liquids. 


Since benzene and toluene form nearly ideal solutions, a ratio 
of vapor pressures can be used in calculating «. In the present 
range of compositions and temperatures, a is calculated as 2.57, 
as in the previous example. 

From Equation 20 








R 
=——=0.5 
™<R+1. 
and in the rectifying section of a column 
Xo 0.99 
b= =- =0.495 
R+1 2 


Substitution in Equation 25, 0.5(2.57 — 1) F + [05 + 
0.495(2.57 — 1) — 2.57] k + 0.495 = 0 and solving, gives 
k = 0.605. 

Therefore, by substituting k into Equations 22, 23, and 24 


x’, =0.99—0.605=0.385 
x',=0.80—0.605=0.195 


c=1+(2.57—1) (0.605) =1.951 
Then substituting in Equation 19 











0.5 (1.951) (1.57) (0.195) 
' San 
1 : wes. 2.57—0.5 (1.951)? 
7 195( _ 0.5 (1.951) (1.57) (0.385) 
2.57—0.5(1.951)? 
_ =7.4 plates 





2.57 


108-0 51.951)" 
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New Book on Fuels, Combustion 
And Furnaces First in 20 Years 


Fuels, Combustion and Furnaces, first 
edition, by John Griswold, 6 x 9 in., 496 
pages, stiff cloth binding, illustrated, in- 
dexed, $5.50. 

The first edition of one of the newest 
hooks in the Chemical Engineering Series, 
Fuels, Combustion and Furnaces is said 
to be the first attempt in 20 years to 
bring together an essentially fundamental 
background with current developments in 
theory and practice. 


Various fuels, coal, coke, petroleum and 
natural gas are discussed in the early 
portion of the book. Later chapters take 
up combustion stoichiometry, enthalpy, 
kinetocs, gas, oil and coal burners, re- 
fractory materials, tube heaters, and 
process furnaces. 

Author John Griswold is professor of 
chemical engineering at the University of 
Texas. 


Hydrocarbon Encyclopedia 
Revised to Jan. 1, 1945 


Encyclopedia of Hydrocarbon Com- 
pounds, Replacement Sheets No. 1 for 
Vol. I, C,—C,; 65 sheets, 5% x 8% in., 
punched for insertion in the original vol- 
ume, $2.50. 

These 65 sheets have been issued to 
bring Vol. I of the Encyclopedia of Hy- 
drocarbon Compounds (reviewed in NPN 
Technical Section, June 5, ’46, pg. R-477 ) 
up-to-date to Jan. 1, 1945. 


Included are three correction sheets, 
27 addition sheets, and 34 replacement 
sheets containing additional information. 
Each sheet contains precise instructions 
as to its insertion. 


Progress in Industrial Carbon 
Since 1928 in Newest Edition 


Industrial Carbon, second edition by C. 

L. Mantell, 5% x 9 in., 472 pages, stiff 

cloth binding, illustrated, indexed, $7.50. 

The second edition of this volume is a 
complete rewriting, covering the great 
amount of industrial progress, manyfold 
increases in application, and more wide- 
spread usage of carbons which have 
occurred in the 17 years since the first 
edition was published. 

The elemental forms of carbon: dia- 
mond, natural graphite, carbon black, 
acetylene black, lampblack, and pig- 
ments, with their applications constitute 
the first major portion of the book. 
Wood carbonization and charcoal the sub- 
ject of a chapter in the first edition, has 
been omitted. 

The aborptive forms which have in- 
creased enormously in the last two de- 
cades, constitute the second major por- 
tion, The manufactured forms: artificial 
graphite, electrodes, brushes, arc light 
carbons, porous forms, electronic types, 
and the like form the third section. 

In the fourth and concluding part are 
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Copies of all books reviewed here 
may be ordered from the Reader's Serv- 
ice Department, Petroleum Processing, 
1213 West Third St., Cleveland 13, for 
the prices listed, postpaid, unless indi- 
cated otherwise. Ohio purchasers please 
add 3% tax. 


“Helpful Trade Literature’ items are 
usually available without charge, and 
can also be secured from the Reader's 
Service Department of Petroleum Proc- 
essing. 











gathered analytical and testing methods 
applied to all forms of carbon. Several 
well-known industrial carbon technologists 
have aided in contributing certain chap- 
ters throughout the book. 

The author, Dr. C. L. Mantell, is a 
consulting chemical engineer in New 
York, and a member of the American 
Institute of Mining and Metallurgical 
Engineers, and the American Institute 
of Chemical Engineers. He has written 
several textbooks including “Adsorption” 
and “Industrial Electrochemistry.” 


Latest Chemistry Handbook Has 
Several Important Revisions 


Handbook of Chemistry, Sixth Edition, 

N. A. Lange, 5% x 7% in., 2082 pages in- 

cluding 271 pages of mathematical tables 

and formulas, flexible fabricoid binding, 
$7.00. 

The Sixth edition, revised and enlarged, 
of Dr. Lange’s Handbook of Chemistry is 
just off the press. The table of Physical 
Constants of Inorganic Compounds has 
been completely revised and enlarged to 
include 2603 compounds with a corres- 
ponding list of over 1300 synonyms. For 
the first time, wherever possible, data 
on refractive index have been included in 
this table. 


In keeping with the aim of the editor 
to closely complement rather than com- 
pete with data in Perry’s Chemical En- 
gineer’s Handbook, this new edition omits 
the following tables: “Pipes, Valves, and 
Fittings,” and “Flow of Water and Gas 
in Pipes”, which are more closely allied 
with engineering. 

New subject matter added since the 
previous edition includes modern con- 
cepts of matter—atomic energy, numerical 
values of the gas constant, and composi- 
tion of sea water. 


Dr. Lange has been compiling this 
handbook since the first edition in Sept- 
ember, 1934. He is a lecturer in chemis- 


try at Cleveland College of Western Re- 
serve University, and a member of the 
American Chemical Society and _ the 
American Institute of Chemists, 


He was assisted in the compilation by 
Gordon M. Forker, B. S. (Chem. Eng.), 
of the General Electric Co., Cleveland. 
Dr. R. S. Burlington, who again handled 
the mathematical tables, is Head Mathe- 
matician, Bureau of Ordnance, Navy De- 
partment, Washington. 


Eighteen Leaders in Oil Business 
Contribute to Study of Resources 


Our Oil Resources, edited by Leonard M. 
Fanning, 5% x 8% in., 331 pages, stiff cloth 
binding, illustrated, indexed, $4.00. 
Eighteen authorities and oil company 

executives have contributed to Our Oil 
Resources symposium representing a 
thorough study of the nation’s oil re- 
sources, in terms of geographical know- 
ledge, as well as of human resources— 
engineering and scientific learning, and 
private initiative and incentive. 


Demonstrating the indispensable role of 
petroleum in our daily lives, the book 
traces the part of private enterprise, an- 
alyzes conservation, technology, oil, na- 
tural gas, coal and shale reserves, naval 
reserves, capital employed—and discusses 
the subject of American oil companies 
in foreign operations. 


Contributors include such men as John 
A. Brown, late president, Socony-Vacuum 
Oil Co.; Eugene Holman, president, Stand 
ard Oil Co. (N. J.); Robert E. Wilson, 
board chairman, Standard Oil Co. (In- 
diana); J. C. Hunter, president, Mid- 
Continent Oil & Gas Assn.; O. D. Donnell, 
president, Ohio Oil Co.; and Leonard M. 
Fanning, among many others. 

Editor Fanning is author of the book, 
“The Rise of American Oil.” 


Science of Electronics Explained 
By M.I.T. Engineering Professor 


An Introduction to Electronics, 1946, ed- 

ited by Ralph G. Hudson, 5% x 8% in., 97 

pages, stiff cloth binding, illustrated, in- 

dexed, $3.00. 

An Introduction to Electronics gives 
the reader scientifically exact knowledge 
of the modern theory of the constitution 
of matter and the nature of an electric 
current in a gas, liquid, solid, and vacuum. 
It describes the major uses to which 
electronic tubes and phototubes are 
applied, and the construction of electronic 
devices and working principles. 


The book is divided into seven parts 
which deal with the constitution of mat- 
ter—including discovery of the electron; 
the flow of electricity; radio communi- 
cation—covering the function of vacuum 
tubes, reception of radiated energy and 
amplification; reproduction of sound and 
pictures; modern sources of light—des- 
cribes the method in which various types 
of lighting equipment operate; power 
and methods of supplying; and diverse 
applications of electronics—including the 
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electron microscope, radiosonde and 
medical electronics. 

This book is interesting to read and 
gives the reader some understanding of 
electronics even though he has made no 
special study of the subject. It does not 
attempt to go too deeply into any particu- 
lar phase of electronics. Of interest to 
petroleum men will be some of the 
applications of electronics to industrial 
and chemical work. One of these is the 
electron microscope; another might be 
various types of lighting equipment and 
how it works. 

The editor, Ralph G. Hudson, is pro- 
fessor of electrical engineering and chair- 
man of the courses in general science and 
general engineering at the Massachusetts 
Institute of Technology. 


Stone & Webster Engineering 
Tells of Its Part in Recent War 


A Report to the People, published by 
Stone & Webster Engineering Corp., 6 x 9 
in., 146 pages, stiff cloth binding, limited 
distribution. 

This book, containing over 200 photo- 
graphs, is primarily a factual report on 
how, when, and where the Stone & 
Webster Engineering Corporation de- 
signed and constructed over 40 major 
industrial plants during the period from 
the spring of 1941 to V-J Day. 

The span of subject matter includes the 


Recent tests show (Photograph A) that 
water-soluble soda grease bases are highly sus- 
ceptible to emulsification by moisture; and (Pho- 
tograph B) that water insoluble Metasap Stearate 
Bases are, on the other hand, extremely moisture- 
resistant. Lubricants made with Metasap do not 
emulsify even when exposed to pelting rain or 


story of work in atomic energy, arms and 
ammunition, rubber, petroleum, naval 
installation, and power plants. Not a 
technical treatise, the book does an ex- 
cellent job of telling the part played by 
the Corporation in the vital task of pro- 
viding fighting and jndustrial equipment 
before and during World War II. 


Volume on Process Equipment Is 
Aid for Refinery Design Engineer 


Process Equipment Design, by H. C. 
Hesse and J. H. Rushton, 6 x 9 in., 580 
pages, stiff cloth binding, illustrated, in- 
dexed, $7.50. 

Although primarily a 
for chemical engineering students, 
Process Equipment Design should 
prove an effective aid in the daily 
work of graduate engineers who 
may not have studied the elements of 
design as related especially to the proc- 
ess industries. 

In it are presented the fundamentals of 
mechanics, machine and structural ele- 
ments, and economic and manufacturing 
considerations related to the design of 
process equipment, particularly for the 
chemical industries. 


college text 


Chapters cover such topics as strength 
of materials, riveted and welded pres- 
sure vessels, structural analysis, piping, 
metal and non-metal construction, various 


WATERPROOF 


your lubricants 
with 
Water - Insoluble 


aeey Ve 
Stearate Bases 


puddle splashes. Metasap Stearate Bases won't 
separate, bleed, evaporate or freeze. Metasap 
helps produce crystal-clear !ubricants with less 
base and more mineral oil—the true lubricating 
ingredient. Any body desired from stiff, short- 
feathered grease to thin fluid lubricant. Write 
for more complete information. 


METASAP CHEMICAL COMPANY, HARRISON, N. J. 


CHICAGO e CEDARTOWN, GA. 





BOSTON ° RICHMOND, CALIF. 


Stearates 


of Aluminum - Calcium - Lead - Zinc 








PETROLEUM 


types of drives, handling equipment, an 
mechanical frames. 

The authors are on the faculty of the 
University of Virginia, Mr. Hesse is pro 
fessor of engineering drawing and design 
and Mr. Rushton is professor of chemica 
engineering. 


lpatieff Writes Autobiography 
In “The Life of a Chemist” 


The Life of a Chemist, Memoirs of Vladi- 
mir N. Ipatieff, 6 x 8% in., 658 pages, stiff 
cloth binding, indexed, $6.00. 

Recently off the press is this autobio- 
graphy of Dr, Ipatieff, professor emeritus 
of chemistry at Northwestern University, 
and director of research at Universal 
Oil Products Co., holder of the Willard 
Gibbs medal of the ACS in 1940, and 
numerous international forms of recogni- 
tion. He holds more than 150 U. S. 
patents for chemical processes. He is 
co-inventor with Dr. Vladimir Haensel of 
triptane, a 100-octane high-speed avia- 
tion gasoline. 

Now 79, Dr. Ipatieff traces the story 
of his 54 years as a scientist from the 
days when he did the original work on 
catalysis in Imperial Russia, through 1930 
when he came to this country and pion- 
eered in polymerization, alkylation, and 
isomerization processes. 

His story presents a graphic picture of 
life, conditions, and scientific develop- 
ment under the Russian Tsar in his 
native land, and traces the transition of 
the nation through the revolutions of 1905 
and 1917. It is a story of the confusion, 
intrigue, violence, and unreasoning per- 
secution which led him to leave in 1930 
and come to the United States. 

The original manuscript was written in 
Russian and was translated by Dr. Haen- 
sel and Mrs. R. H. Lusher, 


Canadian Research Is Covered 
In Imperial Oil’s New Book 


Research in Canada, published by Im- 
perial Oil Ltd., 6 x 9% in., 160 pages, 
stiff cloth binding, 1946. 

This volume contains in book form 
papers and comments given at the sym- 
posium of the Chemical Institute of Can- 
ada, held at Quebec City, June, 1945, 
and sponsored by Imperial Oil Ltd. 
Chief topics discussed were funda- 
mental research, the role of universities 
and government agencies and industry 
in scientific research, agricultural and 
horticultural research, manpower prob- 
lems, and patent laws. Among the speak- 
ers were Dr. R. K,. Stratford, Director 
of Research, Imperial Oil; Dr. D. L. 
Thomson, Dean of the Faculty of Gradu- 
ate Studies and Research, McGill Uni- 
versity, Montreal; Dr, C. J. Mackenzie, 
President, Canada’s National Research 
Council, Ottawa; and Dr. Alexander King, 
director of the United Kingdom Sci- 
entific Mission in Washington, the chief 
co-ordinating body for scientific col- 
laboration between the U. S. and Great 
Britain. 
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New Books 





Phillips Petroleum Co. Reviews 
Progress in Petroleum Technology 


Summary of Technical and Patent Assets, 
1946 Edition, published by Phillips Pe- 
troleum Co., 8% x 11 in., 206 pages, illus- 
trated, indexed, limited distribution. 


A review of technological accomplish- 
ments by Phillips Petroleum Co. in cataly- 
tic cracking, desulfurization, pclymeriza- 
tion, isomerization, alkylation, reforming, 
treating, chemicals manufacturing, rub- 
ber syntheses, and all phases of the 
petroleum processing industry. 


A full list of some 900 patents issued 
to Phillips and Phillips assignees is given 
as well as simplified flow diagrams of the 
various processes and brief descriptions. 


Helpful Trade Literature 


Fluid Progress, a 16 page illustrated 
brochure describing the major improve- 
ments in the basic desizn of the Fluid 
Catalytic Cracking precess. Includes data 
on the economics of the process, which 
it is claimed is economically applicable 
to virtually all sizes of installations. Two- 
page, full-color flow diagram shows all 
inajor design improvements to date. The 
M. W. Kellogg Co., 225 Broadway, New 
York 7. 


Control of Industrial Heat and Power 
Losses, a 20 page manual for process 
engineers and power men, contains prac- 
tical engineering methods of calculating 
and reducing preventable heat and fuel 
losses, giving 9 typical examples of sav- 
ings. Industrial Mineral Wool Institute, 
441 Lexington Ave., New York 17, N. 
,. 


Pressure Reducing Valves, Bulletin 
461, 20 page booklet of engineering, 
operating, and maintenance data on pres- 
sure reducing valves, differential valves, 
and overflow valves for steam, air, or 
gas services, Cross section and external 
views of each class of regulator. Complete 
tables of pressure ranges, sizes, and 
capacities. Index chart for selection of 
best valve for specific applications. Leslie 
Co., 165 Delafield Ave., Lyndhurst, N. J. 


Current Uses for Furfural Bulletin No. 
204, in the series on Furfural and the 
Furans. This twenty-page booklet dis- 
cusses and illustrates some of the uses of 
furfural as a selective solvent, a dis- 
persant, resin-former, chemical interme- 
diate and for other miscellaneous appli- 
cations. The Quaker Oats Company, 
Chemicals Dept., Board of Trade Bldg., 
Chicago, Il, 


Treet-O-Control, Bulletin No. 1200, a 
28 page catalog of automatic proportion- 
ing equipment, includes typical installa- 
tion flow diagrams, detail drawing, tables 
to help select the proper sizes from maxi- 
mum main line flow and maximum sec- 
ondary fluid flow. % Proportioneers, 
Inc.%, Providence 1, R. I. 
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WHICH OF THESE BOOKS 
WILL HELP You? 


OUR OIL RESOURCES 


Edited by Leonard M. Fanning, 331 pages 
5% x 8%, 30 figures, 53 tables, $4.00. An 
authoritative study of our oil resources in terms 
of geographical knowledge, engineering and 
scientific learning, private initiative and in- 
centive. The book traces the part of private 
enterprise in the development of U. S. oil re- 
sources, analyzes vital considerations such as 
conservation, the role of technology, oil, natural 
gas, coal and shale reserves, oil in public domain, 
naval reserves, capital employed in the petroleum 
and American oil industries. Discusses American 
oil companies in foreign oil operations. 


AUTOMATIC CONTROL 
ENGINEERING 


By Ed Sinclair Smith, 367 pages, 534 x 83%, 12 
illustrations, $4.50. Engineering fundamentals 
and methods for selection and application of 
process controls and servo-mechanisms are 
thoroughly treated in this book. Gives a 
qualitative and quantitative approach to meters 
and controllers and their plant applications, and includes the mathematical, physical, 
mechanical, hydraulic, acoustic, and electrical data necessary to give engineers from 
any field an extensively useful understanding of control relations. 


THE CHEMICAL TECHNOLOGY OF PETROLEUM 


By William A. Gruse and Donald R. Stevens, Second edition, 733 pages, 6x 9, illustrated, 
$8.00. A complete revision of Gruse’s ‘“‘Petroleum and Its Products,” this volume 
is an almost entirely new book, presenting a chemical discussion of the properties, 
refining, and utilization of petroleum. New chapters have been added on thermo- 
dynamics as applied to the problems of hydrocarbon chemistry, production chemistry, 
etc.; and new material has been included on distillation, physical properties, motor 
fuels, lubricants, cracking, crude oils, refining of oil stocks, etc. 


PETROLEUM REFINERY ENGINEERING 


By W. L. Nelson, Second edition, 715 pages, 6 x 9, illustrated, $6.50. The present 
edition of this pioneer text covers, as before, the processing of petroleum and the 
design and operation of equipment from the viewpoint of the chemical engineer. The 
purpose of the book is to give a complete background of engineering theory by including 
chapters on chemistry, laboratory evaluation methods, the physical properties of oil, 
and the unit operations of chemical engineering as applied to petroleum refining. 


AVIATION GASOLINE MANUFACTURE 


By Matthew Van Winkle, 275 pages, 514 x 814, 39 illustrations, $3.25. In this book 
the author fills a definite need for a logically organized text and reference book in the 
specialized field of aviation gasoline manufacture. It treats the manufacture of base 
stocks, high octane hydrocarbons, the finished fuels, special fuels and the characteristics 


of such /uels in use in aircraft engines. The book also covers processes used, specifica- 
tions, tests, etc. 





THE CHEMICAL PROCESS INDUSTRIES 


By R. Norris Shreve, 957 pages, 534 x 834, 256 illustrations, $8.00. Offering a definitely 
new approach, the author follows modern factory practice in breaking down the actual 
industrial procedures into unit operations and unit processes, not only in the flow 
sheets, but in the supplementary text as well. An excellent one-volume treatise for 
anyone who wants to know how the products in the field are manufactured; the book 
presents a wealth of flow sheets, integrates chemical processes and unit physical opera- 
tions, and covers modern advances in the field. 


Mail your order to: (Ohio purchasers add 3% sales tax to above prices) 


PETROLEUM PROCESSING 


Cleveland 13, Ohio 





1213 West Third Street 
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Petroleum Technologists in the Headlines 








A. B. Campbell, formerly eastern rep- 
resentative of Hughes Brothers, has ac- 
cepted the position of Executive Secre- 
tary of the National Association of Cor- 
rosion Enginee:s, with headquarters in 
Houston, Texas. 

Mr. Campbell is 
a graduate in Elec- 
trical Engineering 
of the University 
of Illinois and also 
has the profession- 
al degree of Elec- 
trical Engineer 
from that school. 
From 1915 to 1920 
he was on the fac- 
ulty of the Engi- 
neering Extension 
Department 
of Iowa State Col- 
lege. From 1920 to 1923 he served as 
electrical engineer on the Iowa Board 
of Railroad Commissioners. He was an 
engineer on the headquarters staff of the 
N.E.L.A. and the E.E.I. from 1923 to 
1943, at which time he joined Hughes 
Brothers. The new executive secretary 
is a fellow of the A.LE.E. 

Started in 1943, the National Associa- 
tion of Corrosion Engineers is fulfilling 
a long-felt need for an organization of 
its type. The necessity for a clearing 
house for the exchange of corrosion in- 
formation, and for the establishing of 
standard procedures and methods of 
carrying them out, led to the formation 
of this association. National, Regional, 
and Local meetings encourage personal 
contact and exchange of ideas. N.A.C.E. 
will hold its second national convention 
in Chicago on April 7-10, 1947, at the 
Palmer House. 


co o oy 


Mr. Campbell 


A, V. Hedges, superintendent for Shell 
Oil Co. at Toledo has been transferred 
as superintendent to Lima, Ohio. 


Qo ° ° 


A. W. Black, foreman at Continental 
Oil Co., Walden, Colo. has been trans- 
ferred to Cheyenne Wells, Colo. 


oO ° co 


J.-Paul Ratliff, Jr. engineer for the 
Humble Oil and Refining Co., Coushaffa, 
La. has been transferred to the Crowley, 
La. plant. 

Q co co] 

Thomas M. Moore, engineer at Stand- 
ard of Indiana’s Chicago office has been 
transferred to Standard’s Calumet City 
plant. 


cor Q ° 
Roland Whealy has been appointed 
general refinery superintendent of the 
No. 1 refinery of the Ashland Oil & Re- 
fining Co. succeeding E. A. Brown who 
left the company in Sept. 
Mr. Whealy had been the acting gen- 
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eral superintendent before his promotion 
was announced. He had _ previously 
served as superintendent of the labora- 
tory and of the blending and treating 
department. 


oe ° oO 


Lawrence B. Kelly is now assistant 
manager for Standard Oil Co. (Ind.) at 
Omaha, Neb. He succeeds J. M. Terrell 
who resigned. 

Mr. Kelly started with the company at 
Sioux City in 1930. 


a 2 Q 


Aloysio P. Diniz, representative of 
Correa e Castro, S.A. Gulf Oil Co.’s 
Brazilian affiliate, has been studying Gulf 
operations in the U. S. He is the first 
Brazilian to come here in an exchange 
of personnel between the two companies. 

Mr. Diniz spent most of his initial year 
at Gulf’s Port Arthur laboratory. 


oO oO ° 


T. E, Wilde, has joined the technical 
service and process development staff of 
Griffin Chemical 
Co., San _ Fran- 
cisco. He has had 
a lot of petro- 
chemical develop- 
ment experience. 
For the past 15 
years he was with 
Union Oil Co., 
most recently as 
assistant manager 
of the chemical 
products division 
in Los Angeles. At 
one time he was 
head of Union’s 
control laboratory at Oleum. 


Mr. Wilde 


° 2 Oo 


Norman D, Giessen has been appoint- 
ed manager of the Cleveland branch for 
Calumet Refining Co., Chicago. He has 
represented Calumet in the Ohio and 
Pennsylvania territory for the past 16 
years. He takes the position vacated by 
the late George E. Read. 





Correction 


The paper on “Phthalic Anhy- 
dride from Ortho-Xylene” present- 
ed at the recent San Francisco re- 
gional meeting of the AIChE and 
reviewed in PETROLEUM PROC- 
ESSING, October, 1946, pg. 84, 
was written by Dr. Irving Levine, 
California Research Corp., not by 
Howard Vesper, of the same com- 
pany, and George L. Parkhurst, 
president of Oronite Chemical Co., 
as indicated. 
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A former Lt. Com., George L. Neely 
has joined Standard Oil Co. of Calif. as 
manager of the lubricants division. 


— aoa 


William H. Humphreys, formerly chief 
refinery engineer at the plant of the Co- 
operative Refinery Assn., Coffeyville, 
Kan., has become chief engineer in 
charge of construction and engineering 
at the Ashland Oil refinery near Catletts- 
burg, Ky. 

Before joining the Cooperative refinery 
at Coffeyville, on Jan. 1, 1944, Mr. 
Humphreys had been associated with the 
National Refining Co., at Cleveland, Ohio 
for 11 years as chief engineer. 

Mr. Humphreys was graduated from 
the Case School of Applied Science with 
a B.S. degree in mechanical engineering 
and received a S.M. in engineering from 
Massachusetts Institute of Technology. 


7 u& od 


F. I. L. Lawrence, director of research 
and development for Kendall Refining 
Co., Bradford, Pa. has been appointed a 
member of the API committee on Analy- 
tical Research. 


a L o 


Karl Beaver recently discharged from 
the Navy has taken a position with 
Ethyl Corp. as a research engineer. 

o o = 


Paul H. Williams of Shell Develop- 
ment Co., has been named as the chair- 
man of the first regularly scheduled Pa- 
cific Chemical Exposition which will fea- 
ture an industrial chemical conference 
and will display the progress of the 
chemical industry in the Western States 
and Pacific area. 

The Exposition will take place in San 
Francisco’s Civic Auditorium Oct. 21 to 
25, 1947. 

On the Advisory Board representing 
the petroleum industry in particular, are 
Gustav Egloff, director of research, Uni- 
versal Oil Products Co., R. G. Follis, 
president Standard Oil Co. of Calif. and 
J. Oostermeyer, president of Shell Chem- 
ical Corp. 

Q = ed 


Theodore Q. Eliot has left MIT and is 
now with the Stanolind Oil and Gas Co., 
of Tulsa as a process engineer in the re- 
search and development department. 


7 ° a 


Carroll D. Fentress recently released 
from the Army, has joined the Oil and 
Gas Division of the Interior Department, 
as a petroleum technologist. 
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A. L. Stanly is propulsion engineer for 
Bendix Aviation Corp., Pacific Division. 
He was with Shell Development Co., as 
a research engineer at Emeryville, Calif. 
before going to Bendix. 
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Available Now... 
PRINCIPLES OF REACTOR DESIGN 


(Complete Series in Booklet Form) 












This series gives an extensive report on the results of 
a government-sponsored research program, the purpose 
of which was to secure data that could be used in engi- 
neering plants for the manufacture of the new type petro- 
leum products—aromatics for aviation gasoline, toluene, 
butane-butene for synthetic rubber, and others. 









Researches were carried out under the direction of 
Dr. K. M. Watson, Professor of Chemical Engineering at 
the University of Wisconsin, and his associates. 







Covering the basic principles for the design, engineer- 
ing and operation of reactor equipment for some of the 
new refining processes, the series of articles are briefly 
outlined as follows: 








Article 1—Pyrolytic Dealkylation & Concentration of Aromatics 
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Describes in detail the cracking of xylene, toluene and 
an aromatic hydroformed naphtha at atmospheric pressure 
in the presence of steam. ... A method of kinetic analysis 
is developed; integration of basic rate equations for complex 
systems demonstrated and their application to general prob- 
lems of reactor design discussed. 










Article 2— Pyrolysis of Propane 








Data from the literature for the pyrolysis of propane and 
its products are analyzed and rate equations developed for 
ten reactions which contribute significantly in determining 
the rate and product distribution in this operation. 






Article 3— Dehydrogenation of Normal Butane 








Description of a small pilot plant, designed and built 
for the engineering analysis of catalytic processes. Oper- 
ability of the equipment was demonstrated by a short study 
of the dehydrogenation of butane over a chromia-alumina 
catalyst. 







Article 4— To‘uene from Benzene plus Xylenes 








Detailed explanation of a laboratory-scale investigation 
that was made of the production of toluene by methyl-group 
transfer and disproportionation in an equimolal mixture of 
benzene and xylenes over a silica-alumina cracking catalyst. 






The booklet contains 40 well illustrated pages, is 77/s 
x 111% in size and is durably bound . . . Price $1.00 each 


(Ohio purchasers add 3% sales tax) 





To order your copies, address: 


PETROLEUM PROCESSING 


1213 West Third Street Cleveland 13, Ohio 
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Personals 





H. E. Bramston-Cook has been ap- 
pointed general sales manager of Oro- 
nite Chemical Co., Standard of Cali- 
fornia chemical subsidiary. 

Bramston-Cook, born in England, was 
brought by his 
family to Canada’s 
Northwest _Terri- 
tory in 1903. He 
served in the Ca- 
nadian Army in 
World War I when 
only 15 years old. 
He was a pilot of- 
ficer in the Royal 
Air Force when 
discharged. 

He joined Union 

Mr. Bramston- Oil Co.. in 1927 

Cook after receiving his 
master’s degree in 
chemical engineering from the Univer- 
sity of British Columbia and spending 
two years there as a graduate student 
and lecturer, and afterward being in 
charge of a survey of California’s sources 
of sand for glass manufacture. 

In 1941 he was called to the Navy as 
a lieutenant commander from his duties 
as manager of technical products sales 
for Union Oil. He played an impor- 
tant role in planning landing operations 
for several Pacific advances, including 
the invasion of the Japanese mainland. 
He holds the combat award of the Legion 
of Merit and a special commendation from 
the commanding general of the 8th 
Army. 








ADVERTISERS’ INDEX 


This index is published as a convenience to the 
reader. Every care is taken to make it accurate 
but Petroleum Processing @ssumes no tesponsi- 
bility for errors or omissions. 
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WIDENING HORIZONS 


Views on Personnel, Management and Economic as Well as Technological Developments 
in Petroleum Refining and Natural Gas Processing: Comment from Readers is Invited 





Refiners Have Not “Neglected” the Diesel Fuels Market 


A’ the Forum on Diesel Fuels held Nov. 13th in Chicago, 
some beating of the breast by consumer spokesmen took 
place, to emphasize the “neglect” on the part of refiners in 
supplying the desired volume and quality of Diesel fuel oils. 
Out of the meeting, however, came the constructive step of 
endorsing a study on this subject by Technical Committee F 
of Committee D-2 of ASTM. This study may lead to supply- 
ing badly needed data on present volume of demand for this 
petroleum product. 

It has been well known to refiners for many months that 
Diesel fuel demand was out of proportion to the supply avail- 
able from: conventional refining practice. However, there is 
such a dearth ot statistical data on Diesel tuels that the oil 
companies could not know much about the general over-all 
picture. The chief source of such data, the U. S. Burcau 
of Mines, even in its annual breakdown of petroleum products 
lumps Diesel fuels with all distillate fuels. 

The Chicago Forum is indebted to the ‘consumer repre- 
sentatives who spoke there for some ideas as to what demand 
for Diesel fuels from various sources is going to bring in the 
future. Total Diesel horsepower in the U. S. is now around 
97,000,000, it was brought out; whereas 10 years ago total 
Diesels in operation were developing only 9,000,000 horse- 
power. Diesels today consume 27 billion gallons of fuel an- 
nually and 242,500,000 gallons of lubricating oil, for which 
‘operators pay over a billion and a half dollars, This was de- 
scribed as a “tidy return on the by-product” the oil com- 
panies have been selling. 

Looking into the future, the Diesel representatives expect 
the total horsepower to double over the next 10 years. The 
future market through the dieselization of trucks and busses 
alone may be four times as great as the total Diesel engine 
horsepower in use today, it was said. During the next 10 
years the railroads expect to add about six times the Diesel 
locomotive power now in operation, which was estimated at 
4,000,000 horsepower. ; 

Spokesmen for the Diesels chided the oil companies with 
utterly failing to prepare for even the present requirements 
of this type of internal combustion 
engine, let alone the future. “You 


search has been carried on, even though this market is only a 
small proportion ot the motor fuel market and even though the 
Diesel fuel product has carried only a “by-product” price. 
At times this has been not much greater than the price the 
refiner paid for his crude oil. The development of catalytic 
cracking and its operation on light gas oils competitive with 
Diesel fuels was a wartime necessity to supply the required 
volume of aviation gasoline. Even before the war had ended, 
study was being given to the catalytic cracking of heavier 
charging stocks when the time came to produce motor fuels. 

Some refiners today are deep vacuum flashing their crude 
to secure a heavy gas oil suitable for charging stock to their 
“cat-crackers”, leaving virgin gas oils to meet Diesel and 
other special requirements. This trend toward the use of heavier 
charging stocks is for economic reasons chiefly, to meet the 
intense competition in the wholesale motor gasoline market. 
As was pointed out in the Chicago Forum by the oil com- 
pany representatives, refiners over the country have already 
materially increased the percentage yield of their distillates 
from crude by cutting more deeply into the crude or by in- 
cluding more of the heavy gasoline fractions or both, East 
Coast and Gulf Coast refiners have already increased their 
percentage yield of distillates from crude from 16.6% as of 
1944 to between 19 and 20% at present, it was brought out. 

The Chicago Forum thus served to point up a situation 
which the refiners were already taking into account. The 
coming study by Technical Committee F of ASTM Commit- 
tee D-2 will serve a most useful purpose if it only develops 
the sources for accurate data on the volume of consumption 
for Diesel fuels. 

Technical Committee F, in accordance with the by-laws of 
ASTM, will study the volume and characteristics of the Diesel 
fuels now supplied, in relation to the requirements of Diesel 
engines and is authorized to set up general consumer speci- 
fications if desirable. By the by-laws of ASTM the chairman 
of a technical committee must be a consumer representative. 
In this case the selection is fortunate for the oil industry. 
Chairman of Technical Committee F is C. G. A. Rosen, re- 

search director of Caterpillar Trac- 





choose to direct all research and ef- 
fort toward increasing the amount of 
high-octane gasoline to be squeezed 
out of each gallon of crude”, R. H. 
Morse, Jr., vice-president, Fairbanks, 
Morse & Co., told the Forum. “In 
your newer processes, the good grades 
of Diesel fuel and furnace oil are 
fed to the ‘cat-crackers’ as charging 
stock—unless the Diesel users are wil- 
ling to pay a higher price so that it 
will be economically attractive for you 
to sell us this fuel rather than con- 
vert it to gasoline.” 

Mr. Morse exaggerated the failure 
of the oil companies to engage in de- 
velopment work in Diesel fuels. Re- 


counter, thus: 


cut. 





Beefsteaks or Hamburger? 


A. G. Marshall, Shell Oil Co., Inc., 
San Francisco, last speaker on the Forum 
on Diesel Fuels at Chicago, summed up 
the meeting in the parlance of the meat 


“The Diesel representatives came to 
tell how they wanted their choice steaks 


“The refiners told them how much 
hamburger there was for them.” 


tor Co., a thoroughly competent tech- 
nologist who has served with oil 
company representatives in much of 
the joint research work of the oil and 
automotive industries. It is to be ac- 
cepted that any work in formulating 
Diesel fuel specifications by this 
committee will not be such as to 
further limit the available supply of 
this product. 

Diesel fuel consumers may take 
comfort in the fact that the oil in- 
dustry has always met the demand 
for any essential petroleum product 
which developed, generally with im- 
proved products, and it will con- 
tinue to do so in the case of Diesel 
fuels. 
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GENERAL CHEMICAL 
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RESEARCH 


ANNOUNCES 








first of its 

important series of 
ALIPHATIC ORGANIC 
FLUORINE COMPOUNDS 


Long the leader in development of inorganic fluorides and fluoborates, General 
Chemical Fluorine Research now enters the field of organic chemistry as 
it presents the Genetrons . . . an important series of aliphatic organic 
fluorine compounds. 

First of the group is Genetron 100, a product significant not only as a 
new industrial chemical, but also as the parent compound for this family 
of commercially valuable organic fluorine derivatives. 


genetron* 100 
PHYSICAL PROPERTIES 


BASIC CHEMICAES 


ROR AMERICAN INDUSTRY 


Its physical properties point to various applications . . . as a refrigerant; 
intermediate in the preparation of aerosol dispersants, dielectrics, high 
pressure lubricants, selective solvents, and mixed olefinic halide monomers. 
Some of these uses are already being confirmed by manufacturers who 
recognize the unusual industrial potentialities of 
this low-boiling organic liquid. 

Genetron 100 may merit your thorough inves- 
tigation, too. For experimental samples write 
General Chemical Company, Fluorine Division, 
40 Rector Street, New York 6, N. Y. 





GENERAL CHEMICAL COMPANY 


40 RECTOR STREET, NEW YORK 6, N. Y. 


Sales and Technical Service Offices: Albany + Atlanta + Baltimore 

Birmingham + Boston - Bridgeport + Buffalo - Charlotte 

Chicago - Cleveland - Denver - Detroit » Houston + Kansas City 

Los Angeles - Minneapolis - New York - Philadelphia - Pittsburgh 

Providence + San Francisco - Seattle + St. Louis +» Wenatchee 
Yakima (Wash.) 

In Wisconsin: General Chemical Wisconsin Corporation, 
Milwaukee, Wis. 
In Canada: The Nichols Chemical Company, Limited 
‘Montreal - Toronto - Vancouver 


*Trade Mark, General Chemical Company 





Formula 
Molecular Weight 
Color 

Melting Point 
Boiling Point 
Density 


Latent heat of 
vaporization 


CH; CHF. 

66.05 

Colorless 
—117.0° C 
—24.7°C 

1.004 at —25° C 


137 B.t.v./Ib. 


vapor pressure (p.s.i. abs) 


—30° C 
—10°C¢ 
10°C 
30°C 


12.0 
25.9 
53.8 








* 
“ 


STAINLESS STEEL 
FABRICATING 
SERVICE 

















Experience is combined with modern methods and 
equipment at Wyatt's to attain perfection in stainless 
lined, stainless clad or stainless steel fabrications, 


WYATT METAL & BOILER WORKS 





Stainless Steel Reactor for 
synthetic rubber plant, 

















